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Abstract 


I he multimedn commumc ltion o\ci mobile conmuniK ltiou netwoiks demands 
higlici ti uismission c ipiciti uid ditaiates ever} dij Al the the same time the 
usas expat botta cpi 1 I 1 R of smut The umiynj, Wiuhss LANs (WI AN) 11111 
tositisR th(s< nadsol tin usas Ilia don tin piopd Bio ulb uid 11 who At c css 
Netwoiks (BRAN) it the Europe in Telecommunications St uidnids Institute(ETSI) 
is standardising a new gcnci ition ol WLANs in the High PLiloimauee Radio LAN 
(HIPERLAN) family The HIPERLAN Type 2 whieli is eunently being stmdaidiscd 
will ])i ovule d it u it e s up to 2 r > Mbps with mobilih uul lull qu ility ol se nice supjuut 

The bisie piotoeol stael uid the seope of the HIPERL YN/2 standaul will com 
pi isc the specific it ion of i ph\si< d hya uul i Dili link Contiol (DI C ) 1 ipi 
1 he I11PERLAN/2 DLC Lna is eomposed ol tin ce niajoi functional entities the 
Medium Access Contiol (MAC) lvya which ipplics i eenti UR eontiollcd eoneept foi 
the medium sec css the Rielio Link Contiol (RLC) piotoeol which defines all the DLC 
mfonnition winch is tixnsmittcd in the lacho mteifue uul the Duo: Contiol(EC) 
piotoeol tint is ics])onsible loi same li uisnnssion ol the use l d it i 

In HIPERLAN /2 the le c m be seamios when a usa is beyond the aeeeptiblo 
lange of m Access Point (AP) This can icsult fiom liexvi ittenuation on the diuct 
link cithu due to mcieised disk nice oi due to imp incmcnts m the radio path Foi 
exunple the foimei e m often msc due to the usa mobilih uul the litlci cm be 
encountaed while ittcmptmg to opeiate fiom anothci offie c in a complex Hus 
(lusis is mined to l u kit such seen mus which mij* lit be (emputniyoi elehbentle lit 
the thesis the 1I1PLH1 AN/2 MAC piotoeol is extended to function is i JotmuUt 
I lie puipose of the loiwuelei is to loiw uel ti dhe ton mole usas, wine h tie unable 
to lommumc ite with the AP dnectly 

In tins thesis foi wilding loi HIPERLAN/2 is bised on i tune sliumg concept, 
wherein the foiwaulci sliucs the MAC Fume to loiwaid ti illic to the remote usoi 
Ihe eoneept is implemented into IIIPERLAN/2 suuulitoi developed m the Speei 
ficntion uul Dcsciiption Luiguige (SDL) T lie (heouticil mdysis clone is vaificd 
tluough simul it ions V ne twoik w is se tup with i AP ienwuda met iiemote mobile 
usei m the snnulatoi and the simul itmg scenauo was made tlose to the ical envi 
lonmeut bi the use of chfleient software tools Ihe lesults c oiiclusions chawn and a 
lefaenee to the futuie woiklim been included m the thesis 
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Chaptei 1 


Introduction 


Massive growth in the wide spectrum usage in mobile eommunu ations area Ins been wit 
ne&sed tow aids the end of 20th centuiy The human uige foi 71107 1 and moie sei vices uid 
systems aie the stiong motia atmg foiees that dnvc the telecommunication leseueh engi 
neeis and the industry to innovate in this field The technologic vl idvances can be gauzed 
by looking at successfully established systems such as the Glob il System foi Mobile Com 
implication (GSM900) the Digital Cellular System (DCS1800) incl the Digital Enhanced 
Coidlt HH illtpllOlK (D1 (_ 1) 

When using communication netwoiks foi data transmission uid multimedia commum 
cation, it is nnpoitont to complement the existing cncuit switched c onimumc ition with the 
packet switched handling of traffic I 11 GSM, this is done by the Geneial Packet Radio 
Service (GRPS), which will be available m the near future Additional high datai ate is 
partially suppoitcd by GRPS as it oflus a peak datnatc of 04 Kbps, but this docs not cn 
hance the dataaate of a whole GSM cell This will be done by tlu future GSM technologies 
Lnhanced GSM (ECSM) and Enhanced GRPS (EGRPS) 

The 3id genei ation mobile sy stun Umvcisal Mobile Telecommunication System (UMTS), 
envisages to support both the cncuit and the pad et switched communication upto 2 Mbps 

Tlmsty of multimedia applications like video confrencmg even these datai ties will not be 
sufficient The pioblem is addressed by a new genei ation of midi s s LANs (WLAN) These 
WLANs will suppoit sei vices alieady known m the computei netwoil mg aiea These scivic cs 
aie complemented with 1 numbei of ongmally developed fcatuics hn wuelcss tclecommum 
cation networks like guniantecd Quality of Seivicc (QoS) and mobility suppoit 

To meet all these lequirements, the European Telecommunications Standaids Institute 
(ETSI) set up the Bicncllnml Radio Access Ndwoiks (BRAN) pi 0 )t c t Hu piojcct will 
make available specihcations for the access to wued netwoiks 111 private as well as in public 
context and the systems u< supposed toolfu bit 1 lies upto IT) Mbps 
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1 1 Objectives 


One of the new standards inside the BRAN Piojcct is the II1PERLAN/2 stmdaicl It 
will olio ueess lo lnldiut Piotoeol (IP) As} lie humous i\ uish i Mode (AIM) uid UM1S 
based coie netwoiks and will offei a data late of up to 25 Mbps The standardisation work 
is expected to be compk Ud bj the hist eju utu ol 2000 Hit woil on IIIPLRLAN/2 it the 
Aachen Uimetsil} ol Pc chnology (ItWiH) has contnbuted tow uds this standaidisation A 
HIPERLAN/2 snnuhtoi is being elcveloped at the RWTII foi the pui pose of simulations 
and evaluations The models of physical layer Medium Access Conti ol (MAC) layci xnd 
the Ridio Lml Contiol (RI C) piotoeol ue n id\ md it piesdit tin Enoi Cemltol piolor ol 
and the mtegeration of the smiulatoi is in the final stages As i collibiative work with IIT 
Iv inpur, studj earned out m this chin w is aimed to lool into the piospccts of extending 
the MAC piotoeol to function as a Jot warder foi HIPERLAN/2 Tlieie can be situations 
when a Mobile leimnnl (MT) is unable to communic ite w lth in Vc cess Point (AP) dnectly 
either due to laige distance between an AP and a MT oi due to high ittenuation becutse 
of obsticles in the l idio line of sight The task of the foi w tide l will be to mile this 
communication possible b} foiw tiding diti m citliei chicction Ibis extension of the MAC 
piotoeol to junction is i (oiwrudu is not nuludid in tin hist plntso ol llIPERT \N /0 
hL uid udts it ion it tlu 1 LSI Ilu Ik Id is still wide open 


1 2 Piospects 

We piesent oui work in tins study is follows 

Chaptei 2 gives an ovemew of the s} stems being standardised m t lie BRAN pioject Tins is 
followed by m mtioeluction to tlu HIPERLAN/2 system cxplui it ion oi the 1IIPERLAN/2 
service model uid a bnef look into the ph}sical and the Data Lml Contiol (DLC) layei f he 
HIPERLAN/2 simul ttoi is wilt ten in the Specific ition and Desoipt ion Language (SDL) uid 
Chapter 3 introduces the SDL language Chapter 4 highlights the concepts of forwaidmg 
and vanous options available to implement foiwarcling m HIPERLAN/2 Proceeding with 
one of the most suitable options, Chaptei G piesonts the del uls oi implement ition ol the 
foiwaidu m tlu I1IPLRI AN/2 simuliloi iheontc il in ilysis h >s bun done in Ghiplti 5 
and the venfication of these theoretical results through simulations md perfonnance analysis 
follows m Clnptcr 7 Finally Cli iptci 8 sumnniises the results llic ispects to be studred 
in the future have been suggested 



Chapter 2 


HIPERLAN/2 


Massive youth his been seen m the wneless and mobile communications m the lccent 
ycais llic emeigence of multimedia applications high speed Internet access and the dc 
regulation of the telecommunications industry aie the key duvcis towards a new deinuid 
for the ladio based bioulbxnd utess netwoiks The Cm opt m It ltcomnmnu xtions St ui 
dardisation Institute (El SI) took up this demand and fielded the Biotdband Radio Access 
Netwoiks (BRAN) piojcct which will leleise stand ucls toi the mciiihcis, HIPERLANs 1 md 
2, IIIPI HACCISS and HUM I1J INK of tin 1111*1 111 AN liunih Hit system Hpuiliul in 
(lie BRAN piojat will pi ovule Ii\< cl public md puvxU wndcss m twoiks olkiing bit l ites 
up to 155 Mbps BRAN will standardize only the ladio xccoss nctwoik and some of the 
conveigence lxycr functions to the difluuit coie netwoiks of 1GP/IP UMTS AIM and 
the IEEE 1394 (Eiguie 2 1) The coie network specific functions like usei provisions and 
user profile handling will be left to the coi responding foia e g ATM Forum or the Internet 
Engineering Task Force (IETF) 

The usage of wireless techniques m the scope of local netwoiks is chaiactenzed tlnough 
the following piopcitios 

• Small costs foi installation and sen ice, 

• High flexibility 

• No ovc ll tp with < xistmg vs 1 1 c cl iu Ivvoil s 

Wireless access networks arc independent fiom existing wnrd nifia stiucture, although 
they may opu xtc as extensions to the wued netwoiks Wndcss netwoiks can he setup 
quickly as no digging for cabling is needed But before taking advantages out of these 
bemfils of wndcss xcccss netwoiks, x niunboi of dnlluigcs lixvt lo bo ovc iconic Some of 
these issues i elate to 

• Clunging (i Dismission quality in i xclio cells 


3 



4 


Bro idb ind R idio Au-css Network 


Coie Netwoiks 


Termin it 


T rm I 
Entities 


r i 



Figuie 2 1 IilPERLAN family icfcicnct model 

• Handling of dislnlmled intdii 

2 1 IilPERLAN Family 

In 1997, ETSI specified the first wireless access netwoil tlu High PEilonnancc Radio Local 
Area Netwoik tjpc 1 (IIIPERLAN/1) [13] It provides high speed i echo local aica network 
eominuiiH vtions th it tie comp itihle with wneel LANs 1> used on the 1 llieiue t st mtl uel ISO 
8802 3 [3] and the Tol cn Ring standard ISO 8802 5 [4] HIPERLAN/1 opoi ates m the 5 
GHz band with a maximal data late of 20 Mbps and suppoits icstiic ted usci mobility wilhm 
the local service area onl} 

After acquisition of the functional specifications of HIPERLAN/1, El SI is developing tlnee 
furthei standaids in the pioject BRAN (Figuie 2 2) 

. IIIPERLAN/2 J 

This short lange vanxnt (up to 100 m) is mtencleel loi eomplomontaiy access inteha 
uiHin loi UMIS systems is well us leu puvitc use rs i wjieless 1 AN type sjsletn ll 
will oliei high speed recess (typreal data late 25 Mbps) to i v uiety of networks uiclud 
mg the IP bised networks, ATM nctwoiks md the UMTS eoic rrctwoiks Spcctnun 
has been allocated m the 5 GHz range A system overview is given in [18] 

• HIPERACCES 

Tins long range a an ant is point to multipoint, high speed access (ypical data late 25 
Mbps) b> residential and small business users to a wide vauety of netwolks including 
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tin UM J S AIM iiid IP It isul m t winks (1111*1 IU AN/2 mi| lit In use t! len disti i but ion 
within pu mists) [i 1) (see I lgtne 2 2) 

• II1PERL1NK 

This \an ant piosides shoit lange veiy high speed mtciconiu c Lion of HIP ERL ANs mid 
HIPER ACCESS up to 155 Mbps o\ei distances up to 150 m Frequency alloc ition 
for IIIPERLINK is in the 17 GHz lange 




Tiguit 2 2 ETSI BRAN Systems Bioidbuid R iclio Ac ass 

The specification of the piotocols and interfaces foi HIPERLAN/2 and IIIPERAGGESS 
lias cuiiuit piiontj m the woil of BRAN Pio] 0 (t St able di lit (unction il specific it ions up 
expected in the fust md the second quailer of 2000 foi PIIPERLAN/2 and HIPERACCESS 
respectively 

2 2 HIPERLAN/2 System Aicliilectuic 

rigun 2 3 llltiHti den the bduiiiitK slimline o( ucllul.u I1IP1 HI AN/2 Kyslcm Au Atuss 
Point (AP) which is ty pic illy connate d to i coic uctwoik t ui In subdivided into an Access 
Point Controller (APC) and upto sixteen Access Point Tiinscciveis (APTs) An APT, 
chaiactcmcd b^ its fi cc^ucucy, covcis iccitamaica called i who c c 11 Ihe APC is lcsponsiblc 
for the inanageinent of the APTs 

The HIPERLAN/2 netwoil pi o\ ides wneless access to wned netwoilcs foi useis of the 
Mobile Tenninals (MTs) These might be inside buildings, outside lice tenain oi in piox 
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Figuu 2 3 Sliuctuic of i ccllulu HIPERLAN/2 system 

unity to buildings Inside a radio cell each associated MT is lepresented by a unique 
Idcntific ition Nunibc l (Mobilt ID) 


2 3 HIPERLAN/2 Features 

llic gum il ft ituus ol (lit 111PL1U AN/2 tcclmologj t ui Ik sninm ui/( d m lln following 
list 

• High speed transmission 

• Quasi Connection orientation 

• Quditj ofSirvut (QoS) suppoit 

I 

• Automatic Ii equine y illocition 

• Scnmlj suppoit 

• Mobility suppoit 

• Nctwoik uul ippbc ition melt pendt ncj 

• Pott ei s n mg 


A slioit descnption of each of these featuies is given below 
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• High Speed Ti msmission 

HIPERLAN/2 lias transmission iate which at the physic il layer extends up to 54 
Mbps and piovides a user bit iate of up to 25 Mbps To ulncve this HIPERLAN/2 
males use of i modulation method called Oithogonil Ficqucncy Division Multiplex 
mg (OPDM) foi ti ansmission [27] OTDM is vciy dhcient in time dispei sive envnon 
mentfa e g withm offices vlieie the transmitted ladio signals aie reflected fiom many 
points leading to diflcunt inopagition delays be line t lie \ h ich the nceivei Above 
the physical lajei the Medium Access Control (MAC) piotocol piovides dynamic 
Tune Division Duplex (TDD) access scheme to allow efficient uthlization of the ladio 
resources 

• Quasi Connection Orientation 

In HIPERLAN/2 data is tiansimtted on connections between the MT and the AP, 
that have been established pnoi to the ti msmission using signalling {millions ol the 
HIPERLAN/2 contiol plane There aie two types of coimec turns point to point and 
point to multipoint Point to point e omit e lions ue bidiitt tioual when is point to 
multipoint axe umdircetion al m the dneetion towaicls the Mis In addition tlieic is 
also a dedicated bioadoast channel (BGGII) wlneh is eviluated by all the Mis m a 
ladio cell 

• QoS Support 

The ciuasi connection oriented natme of HIPDRI AN/2 is i pmequisit loi the suppoit 
ten QoS 1 nil t oiine ( I ion e m he assigne e I is|H(itie QoS leu Hist me e m (unis ol 
bandwidth delaj delaj \aiiation bit enoi iate etc In m environment wheic the 
connection elm actenstics aie not uailable QoS is suppoiteel by assigning' a piionty 
level relitive to otliei connections This QoS suppoit in combination with the high 
ti msmission l itc piovides simultaneous ti msmission ol m my ehlleicnt types ol d ita 
streams, e g video, voice and data 

• Automatic Ihceiuoney Allocation 

In HIPERLAN/2 theie is no need loi manual licqne nc y planning as m cellul u net 
woikshlu GSM Hie nuliohise si at ions, wine !i in e died APs m iUPLRl AN/2, have 
a built m suppoit loi automatically selecting m ippiopu Ue i uho channel loi b Ins 
mission within each AP s coveiage area An AP listens to ncighboimg APs as well 
as to otliei ladio souices in the envnonment and selects ippiopnate ladio cliaimel 
based oil both l uho channels alieady used by other APs and to minmn/c liitcifncnce 
with other radio cells 

• Security Support 

HIPERLAN/2 suppoits authentication and enuyption With authentication both 



Hit. AP uid the Ml t m nil lit nl k lit t uli tillm to tnsun uiLhoii/cd icuss to t lie. 
nctwoil (fi oixi the AP s point of view) 01 to ensuie access to i valid nctivon opeiatoi 
(fium the Ml s pomf ol \i< w) Am lit nti< ilioiiu Ik s oh lh< exishnce nl i suppoilnu 
function such is dm c Loi y suvice but which is outsuh (Ik scope of I11PLRLAN/2 
The user ti iffit on est ibhshcd connet Lions t m lit mm pi id to protect igunst (loi 
nisi nice) c ms chopping uid nnn m middle ill ul s 

Mobility Suppoit 

The MT uses the AP with the best radio siginl pcitoinunce as mcisuied by the 
sign il to noise i itio uid the Pielet Fnoi Pile (PI H) I bus is the us< i moves 
aiound with the MT the MT maj detect that tlicie is ui iltcinativc AP with bettci 
radio transmission peifoiniance than the AP which the Ml is cui i cull j associated to 
The MT will then nntiite a hand over to this AP All cst ibhshcd connections will be 
moved to this new AP llie MT stajs associated to the ItIPERLAN/2 network md 
can continue its communication Dunng a liandovei some packet loss may occm If 
in MT moves out of 1 uho cove 1 igc loi xceit un (mu , the Ml in ij loose its issociilion 
to the IIIPERLAN/2 nctwoil lesultmg in the lelcisc of ill connections In such i 
cise a Forw u ding Mobile Icinnnil (TMT) e m be used lo loiw ud d it i to these Mfs 

Nctwoik &; Application Independency 

HIPERLAN/2 piotocol stack has a flexible aiclntectuie loi cisy adaptation and in 
tegi ition with i vuictj of fixed networks A 111PLRLAN/2 nctwoik cm foi instance 
be used as the last hop wireless segment of a switched Ethernet, but it may also be 
used m otlici configui xtions, eg as an access nctwoik to the 3id generation ceJlulu 
netwoiks All applications which todaj run ovei a fixed mfi istiuctme can also mn 
ovei a HIPERLA.N/2 network 

Powei Saving 

In H1PLRLAN/2 the mccli unsin to allow Mis to s we peme i is b iscd on MT miti ited 
negotiation of sleep penods The MT may at any time ie quest the AP to cntci a 
low powei stxtc (specific per MT) and leejuests foi i spenlic sleep penod At the 
expn il ion of (lit negoliiled sleep penod, (he Ml s< u e he s loi the jueseme ol my 
w ike up inchc ition fiom the AP If no wake up niche ition is icecived, the MI levuts 
back to its low power state foi the next sleep penod An AP will dcliy any pending 
data to a Ml until the concspondmg sleep penod expnes Different sleep penods aie 
supported to allow for eithei short latency lequnement oi low power lequnement 
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2 4 Example Applications 

HIPLRL \N/2 can be used m conj.csti d ucas 111 e mentioned below Besides tin ach uit igcs 
of IIIPLR1 AN/2 it llso sues the pint uni ( (lot Is Iol wik b isul msl illations 

• Coipoiate LAN 

Consulti i < oi pm ite lie Iwoik built uound t the me t LAN md IP unite is A HIPLR 
LAN/2 netwoik is used is the lost segment between the Mis uid the nctwoik/LAN 
11 k 1J1PLRLAN/2 in Iwoik suppmls mobility willnu the s one LAN/subne t Moving 
between subnets implies IP inobiht\ above H1PERI AN/2 1 tycis which is transpuent 
to the IP netwoil 

® Hot Spots 

HIPERLAN/2 lie twoil s c m be deployed at hot spot ueis t g mpoits hotels, etc, 
to enible in e is-s way of olicimg remote access uid Ink met sciviccs to business 
pc ople \ii icccss suui to which Hie 11IPERLAN/2 nclwoil is connected c m unite 
a connection request foi i point to point connection tithe i to i coipoi ite netwoik 
(possibly via a picfencd Internet Seincc Piovida (ISP)) oi puhaps to an ISP loi m 
Intel net it cess 

• Access to 3id Generation Cclluiai Nctwoiks 

HIPCRLAN/2 cm be used as m alternative iceoss technology to a 3id genciatiou t el 
lulu con netwoik One nny flunk of the possibility to toui hot spots and city uicxs 
with HIPDRLAN/2 and the vide tiea with Vi' CDMA technology The u&ei can ben 
dll ft out a hi/ li puloinniue in twoik wluie vtt il isle isible to deploy 11IP1 ltLAN/2 
mel use W CDMA elsewheit 1 lie eoie netwoik pi ovules the usci, with mtomitie md 
st unless li mdove i between the ditleient types ol ute ss nt twoiks is the usa moves 
between these uc ess nc twoiks 

• Home Network 

Anodlia exunplt of IIIPERLAN/2 is to use the technology m a home ciivnonnnnt 
to create a wneless mfiastiuctuie foi home devices, e g home PCs, VCRs, euneias, 
print cifa, etc llie high tluoughput and QoS featuies of IIIPERLAN/2 suppoits the 
ti uisnnssion of \uleo stieams in conjunction with flic chi umn applications The AP 
liny m this use include ni uplml to the public netwoil e g an ADSL oi c able 
modem lor communications with outside world 
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2 5 IiIPERLAN/2 Seivice Model 

llie stiuctuic of the HIPERLA.N/2 lefennce model is b used on (lie Open System Inteicou 
sections (OSI) lefuuue model oi tlu Intun ilionil Stmeludi/ diem Oigimsition (ISO) [21] 
[32] In the following section the basis of the ISO/OSI lcfcicnu model will be desenbed 
In se c t ion 2 5 2, tlu 1I1PI HI AN/2 s< i\ i< e mode 1 will be pie se ule el m de t ul 


2 5 1 ISO/OSI Refeience Model 

Since the exchange of mfoimition between communicating putnus is complex in stiuctuic 
the entne commumc itions piocess lias umveisally been stuidueh/od mid oigainscd into 
mdividud well defined lneimelncal layers Each liyei oflus suvue to the 1 xyei above it 
These sei vices uc implemented In the pissing of lidoim it ion between the peu entities 
of respective liyeis of the commumc itmg systems using piotoeols Theiefoie each liyei 
commumc it cs only with the liyu unmedutely ibove oi below it Ihcluglui i nikuije, 1 iyc.i 
is referred to as the btivice use? and the lowei i ml mg liyu as the science, piovida A liyei 
will exchange Piotocol Ditt Units (PDUs) with the liyei below m older to commumc ite 
with its peer entity Tiguie 2 4 lllustiatcs the mapping of PDUs horn one liyei to the next 
out 


(N) PDU 



(N) 


IDU 


(N) Protocol 



(N 1) SAP 


(N 1) Protocol 


ICI Interface Control Information 
PCI Protocol Control Information 
PDU Protocol Data Unit 
SDU Service Data Unit 
UD User Data 

Figuie 2 4 Commumc ition m the ISO/OSI Re It icnce Model 


A PDU consists of Piotocol Gonliol Infoimation (PCI) and i Seivice Data Unit (SDU) 
The SDU consists of the user data and the PCI is the infoimation necessity foi the peer 
entity to process this SDU The mtcifaccs between the two liyus is called Seivice Access 
Point (SAP) At these SAPs the PDUs will be mipped into ui Intcilace Dati Unit (IDU) 
len the layei uudoihing An IDU consists of an Intel late Coni ml Inhumation (101) and tlu 
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PDU (si i I lguu 2 1 ) 1 hi si i \ i< i usi i pi oc i ssi s i 1 DlMnsc il on t hi inlm m it urn < out uni il 
m the ICI Hit stiui tme ot t lit lneis miles it i ism foi piotoiols to be linplcmuitccl 
uni si mil u ch/( il 1 In bn t in bn il modi 1 1 u ilil ill s 1 0111111111111 il ion hi Hvi i 11 ilc vi lnpi is 
supplius ind the uscis ol coiumunit itions systems If x ill my is nuclei taken 111 one of the 
Ivy cis it does not iflut the ot lit is 

1 lie ISO spi 1 1I11 d i gum ill\ iiiiptid 1 lyi li d modi 1 1 ilh (I ISO/OSI Hi 1 ( lUKi Modi 1 
(ldgim 2 5 ) 11 ns modil is liltiud b\ ilinosf ill loiiimiiiiu xlious systems 111 use (odiy 



*• I gi il nil 1 It n I y r mil 
11 1 111 ill 11 Hi ( I l\( 11 s l 1 11 

n b UH 25 1S0/0SI Hcii it lia Modi 1 


Lull hyu ol the OSI modd Ins pit i isc lj dilinul functions 1 lit bounduus btlivccn 
the individual liyeis line been estibhshed to cbffemitiatc the vinous seivuc levels inside a 
eonmmnx it ion system 1 uliliMi uimsuils 1 ne v\ le vd ol ibslni lion ol llu hyu In low 
lo keep the nunibci ofluus md mtulues to 1 uiniuiium seui d (Illicit ill lunt lions h xve 
be on gioupt d 

Xhc lollovung is 1 bnef dtsuiptiou of dihuent t isks ol sc \<n 1 qus of the OSI llclaenee 
Model 

• Layer 1 Physical Layei 

llu pin sud Inn is ilso c die el the bit ti msnussioii hyu It ptovieles the b isis loi 
eoinnmniextion md dcscnbes the tiansnussion of bits o\u 1 physio xl eoinmunu xtion 
channel It defines the elcetiicxl md lntelrxiue xl eh xi u le uslus e g si xnel xiehse el 
plugs suichionucel ti msmission am eables 01 1 ulio eh muds synchi onismg tech 
iiiqius signal coding and signal lex elb foi the mtci ficcs 

• Layer 2 Data Link Layer 

J he t isk of llu d il 1 link 1 iye 1 is to mti ipn I I he hit sin itit ol I xy( 1 i is 1 st qm ne t 
of dxtx blocks md to pioudc 1 cncu fit c (1 msmission tin llu nctwoik hyu Euoi 
diliilioii oi Kiiiidioii (Dili in used In pmliil dil 1 ij uiisl li msmission dims 
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J hus lot ( \ unph s\ st< m it ie u diiml uu \ I h ti is use d il I Ik k e e i\mg suit loi mm 
detection is idclc d be the h uismittu to the cl it i wine h is 1 1 uismit ted m blocks c tile d 
fi urn s 1 Ik si li uii( s m 1 1 insimtle d si (|ii( ninth lx (we c 1 1 put < lit il ic s of 1 pc i 2 
If l U uisinission moi is detected Lluii m iel now ledge me nt mechanism liiitnfcs i 
k ti uisiiiission of tin bind md gu n mlecs tli it tin stcjiu lie < w ill bp m uni line d Tin 
<1 U i 1 ml li\u ulds sjn c i il hit ]> U l( ms to the st n t md flu end ol hloeKs to ensiue 
then x cognition Bccuisc ol flow confiol oil both sides the logic il ehumcl c in be 
use d nidnidu ilh In (In eoniinunie iting putnei entilus 1 pel 2 emit tins the ueess 
piotocol foi the 1110(1111111 111(1 functions foi c ill set up md te munition with ipgiul to 
the opei iteel lml 

• Layer 3 Netwoik Layei 

The netwoil Inn is u sponsible feu setting up ope lit ion met te liiun itiou of in Lwoil 
connections between open sistcms In putieulu this meludes l out my , idehess m 
l ci pi ct ition uul optiniil path select ion when i connection is estiblished oi dining i 
connection I nei 1 Uso Ins the l isk ol multiplexing e oime e turns onto the e 11 unit Is 
ot the mdividuil subnets between the netwoik nodes 

• L iye id h nnspoi 1 I aye l 

I lie ti uispoit I i\e i h is ie sp()iisihilil\ loi e ml to e lie! dd i li uispoil It eonlmls the 
beginning aid (lie end ol i cht i e oninmine it ion c lines out the scyne lit ition uul 
ie issnnhly ol messiys uul eontiols d it i How Lnoi h iiullmy uul eliti seciuily 
co ouhmtion between loye il and phjsicil equipment uldiesses and optimization of 
mfoi mation trinspoit paths also fall witlnn the mngc of this liyei s tasks The ti ms 
poit litei icpiesents the connecting link between the netwoil dependent hyeis 1 3 
uul the netwoil nick pendent cnoilud lpeis o 7 md pioudes tlu lughei hyas with 
i netwoil Hide pendent mteifiee Hie hanspoit li)(i piondcs iscivuo with igncii 
quill h to the connmmie it mg ipplu ition pi oe esse s legudlessol the type ol netwoik 
use cl 

• Layer 5 Session Layei 

1 he session Ipu eonliols coniiiuime d ion between p ulie ip ding UluiuhIs md eon 
tuns lunetions loi cxchmge ol Leiiinnil ulentilie ition, esl iblislimg the loun ol el ita 
exchange dialogue management fanfF iccountmg and notification n setting to m 
lnitnh/eel logic il checkpoint aftei dialogue cuois lnve oecuncd and dnlogue syn 
clnomsation 

• Liyei 0 Pie se lit ition 1 lyci 

The presentation lajei offei seivices to the ipplic itiou 1 ly c i that tiansfoim elite 
si i in tm es ml o i st unhid foi m it foi fi insnnssiou igieedupon md tee ogmseel In ill 
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putnus 1( iNo panicle se 1 \ k e s sen h is d it i t ompii ssiem is \\ 1 11 is ( in ij pt ion to 
mru vse c onhile lid vlitv uni mtlicndcitj ot the cl it i 

• Liyci 7 Applu it um L tyci 

The application lajei toims the mtcifaee to the usei oi vn lpphcition process needing 
cominumi ilion suppoil It tout uus st uidud Minus loi suppoilnig ilil i ti uisinis 
sihn be Iwi i n list i piex i ssi s (i g hit tiinshi) pun liling distiilmle d d U lb isc uuss 
blowing i ])io( i ss to lx mu on difli k ut < ompiiti is continuing uid nntnguig dis 
tlllmtld S'yStc Ills 

2 5 2 HIPERLAN/2 Service Model Layers 

The HIPERIAN/2 Mina model is bistd on the OSI/ISO Rchmicc model The b isie 
piotocol stnl of the HIPDRLAN 2 stmdiid is shown m Figmc 2G It compiises the 
speufu idem ot l phvsic il lpei md i DI C liui loi both tin Mis uid the APs Oik 
ol tlu lnijoi pi ope i l ic s ot 111PLR1 VN '2 is the suppoil ol vinous lntvvoil ty jx s on top 
of the DLC lijei C line nth pielct netwoils (IP Ethernet) MM uid UMTS lie being 
considiiul These ue eomuctcd to the DLC liyei by the netuoil Conungeiuc Liycrs (CL) 
(See lion 2 b 1) wlui li pci loi ms (Ik id ipl idem ol tin pu ly I Ini m its lo Hit it quid me nl ol 
theDLCloiCi Incise ol lnglicn Ljusotlici tlnn AIM tlu CLeout uns i segmentation uid 
leassemblj funetion (SAR) The phy sic il 1 ij pi (PHA ) pio\ ides the lnsic ti mspoit functions 
foi tlu DLC PDUs De l ills on (Ins liui e in Ik iound in [I7| 1 he DLC liyu cm be 

subdivided into two p uts the conti ol pi me and the usei pi uie De t ills of the DLC layci are 
given in 1 10] On (lie use i pi uh side the d it i ti mspoit lune lion is le el vs it li use i el it i p ul ( is 
Iiom the lugliu lijeis \n the Usei Seiviee Access Point (U S VP) ilns put tout mis the 
Euoi Conti ol (EC) (Section 2 j 2) which woikson h isis ol m Vulemiide Rcpe it Request 
(ARQ) piotocol Tlu DLC piotocol opciitcs eonnielion mitiiled md piovidos multiple 
connection cncl points m the U SAP The contiol plane consists ol the Radio Lull Contiol 
Piotocol (RLC) (Section 2 5 2) which includes the DLC Connection Contiol (DCC) tlu 
Ridio Rcsouue Contiol (RRC) md the Assoc ntion Contiol rime lions (ACT) Both pi me s 
access the phi sic il medium \n the Medium Access Contiol (M VC ) subl ryoi (Section 2 i 2) 
In the following sections the mdmduil layeis of the HIPLRLAN/2 suvicc model md 
piotoeols of the DLC lw>u vie t\pl uneel 

Physical Layer 

IIIPERL VN/2 sj stc ms vie mtc ndc d lo be ope i it cel is pi i\ itc oi public si stems in ( lie 5 C 11/ 
heciuencv l mge 1 ible 2 1 shows tlu two Requeue} binds mil tlu powei limits alloc it e el 
for HIPERLAN/2 
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1 2 0 Sauce Modd ol 11IPLRL ViN/2 


1 ible 2 1 1 leqiu lit ) 11 uige 


Frequency Range 

RF Power Limit 

Comments 

5 15 5 35 C H/ 

200 m\\ me xn EIRP 

liulooi use only 

5 47 5 72o CH? 

1 W me m EIRP 

mdoot uiel out (loot uso 


But (lust luqui nc\ binds uc not ittnbutid exclusively to 111 PLRLAN/2 systems who 
will hue to be able to share it with otlui i idio subsystems hi t i id u systems some of which 
might be mobile This type of sliaimg Repines dynunic id apt it ion exiled Dynximc Tit 
quency Selection (DTS) [30] Foi the modulation scheme OTDiM has been selected due to 
its good performance on chspeisive channels A companson with single camei modulxtion 
showing the supciiontx ol OT DM len I1IPLRLAN/2 systems is pit suited in [31 j Ihe (Inn 
nel rastei is 20 MHz In oiclei to avoid unw xnted hccpiency pioducts in implement xtions 
the s iniphng littjut nc y is Uso chosen c cpt vl to 20MII/ d tin output ol x (ypic illy used 01 
point h\vn sc, 7 as/ lovim Dm ^formation (II 1 i) [27 J 1 lie obi mud subeunei spuing is 
312 5KH/ In oidci to 1 u ili( xtc iniplc ni( nt xtion ol lilt ( is md to u hit vt sulhcunl xdjicuit 
channel snppicssion 52 subt nnus uc used pu t h unit 1 lb sulx mu is euiy the utuxl 
data and 4 subcamcis uc pilots which fuihtate plnse ti xking loi coheient demoduhtion 
ruitlui dctxilcd lmcstigitions ( m in louud in [29] 1 he shoibsl tiuismittecl unit is m 

OFDM Symbol It Ins i dui ition ol 3 2 /is and possesses m uldilionxl piotcctiou tunc of 
800 n& Thus an Oh DM symbol has a totil length of 4 /us Tibh 2 2 summanses the bisie 
pi opc l tie s of the pin su d 1 1 \ c i 

Alex h iluu ol I he pin su d 1 pa is to pi ovule se vc i d physu d 1 iye l mode s with elide l 
ent coding and nioclul xtion schemes which may be selected b\ link ulaptation medixinsms 
[22] BPSIs. QPSK 1GQ VM xie m xndaton subcxnui modul xtion se lie mes wheiexs 64QAM 
e in lu used in an optional mode Foiwaiel Pitot Conti ol (PFC ) Is pufoimed by a eotivo 





can be used m an optional mode Forward Error Control (FEC) is performed by a con\o 
lutional code of rate 1/2 and constraint length se\en The furthei code rates 9/16 and 3/4 
are obtained by puncturing According to the chosen modulation and code rate diffeient 
transmission rates result as shown m Table 2 3 

Table 2 2 Basic parameters of the PHY lajer 


channel spacing and system clock 

20 MHz 

FFT length 

64 

number of used sub earners 

o2 

number of used data carriers 

48 

number of used pilot carriers 

4 

modulation scheme oij. subcarriers 

refer Table 2 3 

demodulation 

coheient 

data phase length 

3 2 /is 

guard interval length 

800 ns 

Total OFDM Symbol length 

4 //s 

channel coding 

convolutional code 
constraint length 7 

interleaving 

per OFDM symbol 


Table 2 3 Modulation and Code Rate dependant transmission rates 


Modulation 

i 

Code rate 

capacity of one 
OFDM Symbols 

Transmission rate 

BPSK 

1/2 i 

3 byte 

6 Mbps 

BPSK 

3/4 

4 5 byte 

9 Mbps 

QPSK 

1/2 

6 byte 

12 Mbps 

QPSK 

3/4 

9 byte 

18 Mbps 

16 QAM 

9/16 

13 5 byte 

27 Mbps 

16-QAM 

3/4 

18 byte 

36 Mbps 

64-QAM (optional) 

3/4 

27 byte 

54 Mbps 


The physical layer of HIPERLAN/2 will have to be well harmonised with the ones that 
are currently being developed for the US and the Japanese market In the US, the high speed 
physical layer will be an extension to the IEEE 802 11 [2], which will re use the MAC layer 
already defined The corresponding system in Japan will have three different upper lajer 
protocols for three different services but it will be based on a common physical layer The 
frequency allocation of these two systems is slightly different to the one for HIPERLAN/2 
(Table 2 4) 
























10 


Data Link Control Layer 

Tilt D it 1 1 ml Conin)l(DLC) lnu ot lIlPLRLYh/2 is subduukd into lUseiPIini md i 
Contiol Flint (rigmr 2 G) The contiol plun consists of 

• Radio Lml Contiol(RLC) 

wheicis (lie usu pi me includes 

• Medium Access Conliol (MAC) 

• Ei 101 Contiol (EC) 


Tible 2 1 ricqmwv illeic it ion fen win less I A Ns m US mil 1 ipm 


Counti y 

Frequency Range 

U S 

o 15 5 35 CII/ md 5 72 j 5 825 C 11/ 

J \p Ull 

5 15 5 25 C H/ 


Medium Access Control Protocol 

The Medium Access Conti ol(M AC) piotocol is the piotocol used ten oiganismg access to md 
tiansmission of data on the medium (ladio lml ) The contiol is e cnti ilised to the AP which 
infoims the Ml 'll which point m time in tlie MAC li line tin y ue Glowed to ti uisiiut the u 
dita The length and the stilt point \ancs md is dependent upon (he Resomce Requests 
(RIt) from e uli of the Mis 1 he uelio mluliec is bised on imie Division Duplex (IDD) 
and tilt djnmnc Time Diusion Multiple Access (TDM \) i e the tune slotted shut luic 
allows smiultaueous (oinniunie at ion in both downlink md uplink within the suite hunt 
This slotted sfiuctine is < died MAC limit (Ml) m illPLIU \N/2 1 he tunc slots ue 

giouped to MFs of constant length of 2ms Thus a IMF consists of 500 OFDM symbols 
The assignment of xesouiccs foi the mtlnieluil Mis mel then connections is not static but 
may chmge dunmic ilh fiom one MAC fi ime to the otlui I uli MAC fi unc consists of 
Foui phases ie Biouleast Downhill Uplink md R iiidoin Yu css Phase Eicli of llitse 
phases h m be e n e \pl mu d m tin sue c ( ( ding p u igi iplis 

• Broadcast Phase (BC Phase) 

The BC phase c lines the Bioa.dc ist Contiol CII nine 1(BC CII) the Fi unc Contiol 

CHmncl (FCCIi) and the Vceess Feedback Channel (ACH) 



17 


BCCH 

The BCCH (clem nhnl o»l\ ) < out tins conLiol miomi tl ion (sen Tigim 2 7) thiough 
the Bio uk ist Cllnmel (BCH) PDU tint is sent m ( ich MF and letches ill 
MTs The BCCH pi oxides mloimition ibout ti uisinission powci levels stilting 
])omt md length of the Ti uiu C II nine 1 (TC II) ind (lie K uielom GIIuuul (RCII) 
w ilc upnulic it m ind iele ntilu is loi ldi utilj mg liotli t lie lilPLRLAN/2 lit tvunk 
and the AP It is lo bj tes m length and is d\\ i>s h uismitted using the most 
lobusl modul it ion stlii me w ul tble it IJPSlx. 1/2 


Frame Counter 

4 bit 

NET ID 

4 bit 

AP ID 

8 bit 

Antenna ID 

3 bit 

AP TX Level 

4 bit 

AP RX UL level 

3 bit 

Pointer to FCCH 

12 bit 

Length FCCH 

4 bit 

Phy Mode of FCCH 

2 bit 

Pointer to RACH UP 

13 bit 

Length of RACH UP 

5 bit 

Guard Space between RCH 

2 bit 

AP traffic Load 

2 bit 

SBCH Indicator 

1 bit 

Wake UP indicator 

1 bit 

Uplink preamble 

1 bit 

Future Use 

2 bit 

CRC 

24 bl 


riguic2 7 BCCH 


FCCH 

Tin rCCII (downhill onh ) ( out uns m<\ul tk st i ipl urn of how th( usotuus 
line been illoe it eel ( ind thus gi uiteel) within the tuiieut MAC li line in the 
Downlink (DL) and the Uplink (UL) phase md loi the RCH (Figuic 2 8 The 
FCCH includes nuinbei of TCII PDUs uid the length of each hCH is 27 Irytcs 
This includes 8 b}tcs eich foi tin c t Infoiniitum Tie me ills (ID) anel 3 bytes of 
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( Ii( 21 1 tins tin luifih o| 1( ( 11 is i mulliph ul 27 Intis Om II ( uni's 

mfoimation foi one Usa Coimution onlj and tluei ILs constitute a FGH PDU 
Tin IP giwsthf st ut slot length uidtln modul it ion si Ik mi to lx used loi the 
usu connection linn will Ik scpnilc ILs foi DJ mil Ul plnsc loi t veil usoi 
< oniiri lion 


Frame Conirol Channel wills variable lenglls 


FCH DIC PDU 

FCH DLC PDU 

FCH DLC PDU 


IE Block 

CRC 24 

IE Block 

CRC 24 

IE Block 

CRC 24 



27 byl 


IE 1 IE 2 


IE 3 


8 bytes 


IE flagi bit) 

IE flag 

IE flag 

IE type(4 bit) 

IE type 

IE type 

1C Info 

(59 bits) 

l( li fri 

II Inin 


rigm< 2 8 FGCH 


- ACH 

Uu AC II (downhill onh ) ( on\< \s lnloun Uion on pi< nous uccss it tempts m ulc 
m the RGH 

• Downlink Phase 

The DL phase c uncs nsei specihc contiol mfoimition uicl the user dat i ti msnutted 
fiom an AP to i dedicited MT 

• Uplink Phase 

The UL pln.se eunes contiol md usei diti hom the Mis to the AP 

• Random Access CHannel(RACH) 

MTs that do not ha\ e capacity allocated m the UL ph isc use the RACH foi ti uis 
mission of contiol mfoimation Non associated MTs get m hist c outlet with an AP 
vi i tin RAG1I 1 Ins di uind is ilso iisi (1 h\ M is pnloiniiiig huidova to hive then 
coniuc lions switched oui to mew AP loi tin H AC II the puncipU of Slolkd ALOHA 
Algorithm |8j 1 12| with i Inn in ( xpom tilnl h u lv ollsinhgi is applied |0| |ll)| 
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Each of these pluses e out mi logic il eh much tint ue in ippe el to physic il timspoit 
channels Hie distinction between physic il md logical eh nine Is e n ible s i simple exchange 
of the lowei Inns lee ping the mini ue to tho lnghe 1 1 v> e 1 s mel nee vast Fruits 2 9 md 
2 10 lllusti ite (lie ph ists with logic il chinncls md the e oiicsponchiig physieal channels 


Phases 


I gl 
h 


I 


p» v I t 
t po t 


!j : jv b: . . A-v.-' 1 ••■“a 





igi§f 

SV ' 

Add ‘c:; 



l?by1 

N ?7 Lyt 

9 byt 




dt-yl 

Pbyle 













BCCH 

FCCH 

RAFC 

SBCH 


UDCH 

LCCH 


DCCH 

p bl 

BCH 

i 

FCH 

1 

ACM 

1 

LCH 

1 

SCH 

p bl 

1 

SCH 

! 

LCH 

p ambl 

SCHS 

LCHS 


BCCH BO d 

tr i 

l Ch pi ysl 

II l BCH B J 

ICI 1 

FCCH r OC 

1 ICI 

1 

Frur ( 

1 1 

Ul IU d 1 

c 

1 

LCH L (j 1 

r ici i 

LCCH L kC 

IC 1 

ICI 1 

SCH 1 1 

p 1 Cl a 1 

DCCH Ded at 

dC t 

ICh 1 

ACH A 

1 C 1 ol Ch 

SBCH SI wB(0 

dc »C 

t ICh 1 




Figuic 2 9 Bioadcist and Downlink Ph ises 


II jm» 


I Qi d I cmnok 


pi ysl d 

t cm p 1 l Of \ol 



I Qtc i K l( I IK Di t Yii * * I U HI K1 T \ I MGI MN tun C at I II 

l L Cl sen 9 11 

P t Dod I J C at I RCH fl 1 A 

*■(.* x* C 


Pigmc 2 10 Uplink and Rindoin Access Ph ists 


Tlieie are two diffeient kinds of PDUs the Long PDU (LCIi PDU) and the Slioit PDU 
(SCH PDU) A LCH PDU is 54 bytes long md consists of 48 bytes payload 24 bit CRC24 
foi enoi detection 2 fields foi the SAR function of the Convcigencc Layei and a sequence 
number foi the ARQ piotocol (Figuie 2 11) A SCH PDU is 9 lntcs long and consists of 52 
bits foi signalling chi i 1C bit CRC1G foi enoi detection md m lulounation held of 4 bits 
to diffeientiate signalling data fiom the Radio Link Contiol (RLC) and the Enoi Contiol 
(EC) data 

In oulei tosaaccipuih ill LCH PDUs md SGII PDUs belonging to connections ol the 
same MT xie combined to so e died PDU hams (figum 2 12) J his is clout fen tlu up as 
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lent nu i oi us I 111 I 


sum 



FU 

SN 

CL Tag 

CL Flag 

Payload 

CRC 

? t It 

101 II 

fit It 

/II II 

/III llyl s 

M 1 II 



11 lyr a 

4 bit 

1C 1 1 

52 bl 

CRC 16 


Figuie 2 11 LCH PDU uid SC II PDU 


will is loi (hi downhill 1 1ms onh out pit imhlt pi i Ml is lit 1 1 ss uy lot sj tic luonis ilion 
reasons r\ulhoi dot ukd m d\sis on the MAG lijci < in be lound in [1 1] uul [1G| 


downlink phase 

~~ uplink phase 

an il I 

_l nt-iii 


— 



PDUtraln 1 

PDUtrain 2 

PDUtrain 3 

PDUtrain 1 

PDUtrain 2 

PDUtrain 3 


ptoomhlo 


connection 


count >( lion ? 


o unnoi lion I 


t onnoc lion 4 


all LCH PDUs of connection 1 


all SCH PDUs of connection 1 


Figuie 2 12 Concept of a cell ti un 


Tiguic 2 13 shows tlu In out ot the MAC Tium In Liu 1 CCH only two IEs (shulcd 
legions) hive bun shown though FGCH will consist ot i ii uu ol such IDs containal m 
rCH PDUs Each IE points to the DL/UL pluses pei timing to oik user connection In the 
DI /UL phisis the sliulcd ngion shows LCII/SCII PDU ti un only loi one use j coimodum 


Radio Link Control Protocol 

The RLC piotocol is situ itcd m the contiol j> 1 me of the DI C Inn II piovidos (hue gioups 
of lunc lions loi the highii 1 1 > c l s I he specific itious ol (lit HI ( pi ol oc ale m hi lound m 
[15] 


• Assocution Contiol Functions (ACr) 

• Rulio Risoum Conliol turn turns (EEC) 

• DLC Usci Comic ction Contiol functions (DGC) 
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Hill ml 1 

tin 




M VC 1 r inn 

M VC 1 r inn 

MU 1 iil 


H I til 


1) ill k I In 


Rill l 

U|ll I II i i ^lln g 



I DU I I 


SCH 


CH 


ACH 


BCCH Broadcast Control CHanncl SC H Sli >rl Channel 

1 CCH 1 me Control CHannel I CH 1 f, Ct I 

VC 11 \i is I u.dl> i k C 1 1 >cl KC 11 Ha 1 1 I A is ( li mi il 

I 1 V 1 nrn Vrotind 1 ime 1 DU 1 r itoi I D it i tin t 

II Informatu i l lenunt 

rigmt 2 13 riansmission pluses in i M \.C h mic 
• Association Conti ol Functions 

These functions include the piotocols foi issomlion udhentication encijption 
h< liij) uni <lis issot 1 1 ( ion lilt issue i it ion plot (dun shill Ik usttl 1>\ llu Mis to 
get into coot ut with in AP ot t UiPLRLAN /2 netweuk 

Tir&t of all, the MT must sc m foi the BCCII The BCCII ( ontuns the AP ID md the 
NL 1 ID fi oin the concerned API I he Ml then it quests loi i MAC ID tint is v did 
011I3 in the 1 icho cell of one APT This MAC ID is assign cl bj the APT and used foi 
addressing the MT dining the whole session it tins APT 

During the Link Cipibihh piocichuc ciieijpticm uul uilhcntilie ition pioeedmcs ue 
caiiiecl out Mutuil uithentification is suppoited Within tlu MT uuthcntifie ition 
the tc 1111111 d s ice ess to the fixed netwoil is eontiollcd II the uitlicntific ation fuls no 
icccss will be gi uited to the MT The AP luthcutihe xtiou pioeeduie help teimiinls 
to detect false APs Both 'luthentificatioiis pioeeeluies ue optional m oidei to mike 
the S3 stem flexible to \anous fixed netwoil envn onments md usage Moie details on 
authentiherlion mil enujpticm pioeeeluies ue uulible m [ 15 ] 

1 he disissoeiitum jnoceduie e m lie null ited eitliei Ip the Ml 01 by the AP llicic 
me bisiedh two tjpes eif cbsussocntion explicit md mipheit ehsissoci ition In the 
explicit chs issot) it ion cise both the MT md the AP negotiile about ehs i&soeritioii 
shoitli Implicit ehsassoei ition oceuis when the MT md the AP lose then laelio hid 
IhIoh lining ue gob it eel dioul it When (lie APnoluis lint i MI h u> 'stopped 
ti uisiiutling foi i while it will nut i it t the Ml AJ IVI pioeeduie In e ise ol no 
it spouse iioni the Ml Du AP will i< k ise its ie some es 
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1 iMUt 2J1 Assou it ion Plot (dun 


• Radio Resouice Conti ol runctions 

The RRC functions pioudo pi on (lines foi i who me lsunments lnndovei dyn umc 
fiequencj selection powci coutiol md powci s tvin^ 

- Mensuiements 

When issociUed to m VP the MT const mtlj me ismes the quility of the cli m 
nel In oidci to k<d t complete ovemew ol its i echo iisomcc situation the MT 
Ins to sc m otliei channels penodieally The mcasuu incuts aie based mainly on 
the iccciud sipinl stmiplh 

- Handovei 

Him types oi h mdoui niipht Ik disluiyusln d st ( (m h unlove ) , l who h uulou l 
uni lit tw oik li unlove l 

* Dm i»j see/ru hiivihmn only tin uite nu i see lot is < hansel 1 lit smuip 
AP 1 doe s not change? I he entne h melovei is ( onti oiled by one AP Hi^hei 
lay ei s aie not involved 

* A uuho handovu is peiloimed wlnn one MI moves liom the eovei aj,t uea 
of one A.PT to uiotlici which is saved by tin sum APG The handova 
execution is peitoinicd within the DLG leyci All nlevint inloinnfion about 
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on j ui ii) i oiiim 1 1 ions si i hi 1 1 \ p u mu ii is ill in i\ ul il >l( in I In AP tuul 
thudoii ui not umgotntcd As l lie Ml c lunges the i ldio c ell the ness 
API will issign v in w MAC II) Tin slili <>( tin use i e oimi e lions uiillliin 
DLCC IDs will si i\ nnelnngcel 

* A lutwoil havdovn is e lined out when the MF moves fiom one APT 
to motliei APT eontiollcil b\ elillci cut APGs As the nesv APG Ins no 
mini in it ion lhout tins Ml the lngliti lijns in illecleel Tlieic die two 
methods hs w Inch the APC e mi gt t this mloinnl ion It might gel it chief fls 
It 0111 tin M l I lnt will nneilse i le pe ililion o( issoi i il mu ptoe e dm e When 
the lit tw 01 1 snppoit is is ul iblc most ol Liu p u unitcis cm lie ictne veel 
fi om the old VPCsntht b tel bone T he se he me loi the netwoik h uidovci 
pioccehne tin be seen m Figme 2 lo 



I iguu 2 15 N( twoik 11 meloui Pieie < time 


— Dynamic Frequency Selection (DTS) 

UIPLRI AN/2 sjsleuis h ise tosliue the Ik queue) hind with the ot lit l syslems 
This tspe of shaiing lequnes ehiiumc adiptation At stmt up, the AP Ins to 
choose his optiutmg fuquency If nitufeunco e onehtions get woise the AP must 
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lii\( (Ik opium (o switch (o mot lit i [uc[U(iu\ in eoouluntiou with ill Mis 
issociilcd to it DTS is mniiR bisccl on field stienglli me isuu meats (cunti 
field, st length mel lnteifcnng field stiength) wlueh ue c lined out at the AP 
mel flip Mis issoe 1 ife el to it but flip ilgcn lfliin is e mil mile d by the AP 

- Power Conti ol 

Ac c ending tei the ehstuice between in AP mil iMI the qu ility of the cli lime 1 
md (lit ti uisimltmg powe i will be ul ipte el timing bot h up mil downhill pluses 
The Aim is to mmnm/t iiotentidl mteifeicnec with in lghbounng systems 

- Power Saving 

Has fane t ion is ie sponsible loi cute nag 01 le mug low e onsumption modes md 
foi controlling the powei of the tnnsnnttci This fane turn is MT nutiited The 
del ills ue t\ ul ible m 1 1 5 j 


• DLC User Connection Conti ol 1 unctions 

These contiol func tions ue lesponsible foi settingup m nut lining, renegotiating md 
e losing 1 1)1 ( use i e onm < lion it I lie DI C 1 ue l All I lie si pnuulims in p be null it < el 

bi the MT oi In (he AP A DLGC ID is assigned In the AP Ihe combnntion of this 

DLCC ID md the mobiles MAC ID identifies i connection m i i idio cell Otlici 
pioctchncs use these two IDs m oulei to lefei to the conm e turn they winl to modify 
oi leleise lmlluimou simple \ multi c is! t omit e lions in siippoiled lliese multi 
cast connections slnll not apply VRQ meeli unsms 

Error Control Protocol 

The EC piotocol is responsible foi detection and ie corny of ti uisnnssion cuois on the 
ruho link The cnoi lceouij is bisecl on Autonntie Ripe it Rceiuost(ARQ) mil tiles 
into *u couni, t he QoS ol t uh DI C Use i ( omu 1 1 ion 1 he uuissily ol ARQ u ists due 
to the luglui ])iob ibililj ol c liens m i l idio eh mm 1 eoinpuetl to waul nttwoik In 

ge u( l il, (lie si lull l 1 1 iiisiiiiIm i d il t p i< In I uul I mill is ll mil il lie i ( < i iu s (lie e one spending 

icknowlulgcmcnt la e isc ol uugitne leccipl the sc nelci ltli uismits the picket Dclulccl 
analysis of the \inous methods of ARQ ue highlighted m [2S| 

The HIPERLAN ! 2 st uuludisation includes a sc lee tnc np< U UIQ piotocol with pu ti il 
bitnnp ul imwledgum lit I Ins metlioel is elt st nbe d in the tollem mg p u igi iplis 

Thesendu issignscicn dati packet a unique St ciuence IN uinbt i (SN) with (lie intention 
to ihstmguish e uh el it i p u 1 e I fiomotluis When i SN (p ukt I ) is missing m the ueeived 
send oulei tlu ueeiwi detects the loss oi eliti I lie lieciui then plucs i dun mel toi 
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ABQ Innsmiltor 



these lost (1 it i p icl t ts In ic fening lo t lit SN (ie I 1 i(,uu 2 1G) \ Intlhu di u ictenslu oi 

such acknowledgement piotocols is the contiol eif d it i flow In C he Wmdow Medunmm flu 
size of the wmdow diet ites the nnvmium nunibu of d it i p u 1 e Is (lie scndci cm ti insniit 
without lecen mg m lei liowledgemcnt If an ARQ dc toe ts i li msuussion cnoi by missing 
of i SN v iepe tit ion of the missing el it i p vc 1 et is null ihd ilieie ui eliticicnt me thoels oi 
ARQ that differ in the h nulling of cnois 

The S(l(div( 11(11(1 \RQ onR lepeilsllu missing p u 1 1 1 1 Ins nulhod of ARQ eibl uns 

the best pufonnmet 1 Ik wmdow si/e is N tint me ms tint the senelei cm ti uismil 
N data pickets without Keening m id now ledge me nl Rest p< i loumuee e m be ie idled 
(handle ills In use ol ui unlimited window si/c 1 lie leaning window ilso contuns N 
places So the leceiui icccpts ill picl els with a sequence uumbei of 

RN < SN < RN \- N - l ( 1 ) 

Figuie 2 17 lepiesents m excnipluj piotoeol sapience Whe n the packet with expee te d 
Recener Numbei (RN) nines it will be ti msfeieel to lnghci lneis xnel the RN will be 
mcicmcntcd If a piel ct with i lugliei SN is lccened it will be lmflcicd (hcie the I Fi uue 
with SN=3) The missing I Tiames will then be dcniuielcd In i SREJ Acknowledge (I 
Eeames SN=1 and SN=2) Until the missing flames aie ioeened the diti pickets will not 
Ik li msfeieel to the lugliei lneis m ouln to keep the se epu nee oi the elitipulets 



time 

Figuie 2 17 Selectne Rcpe it ARQ 

Two laid of tel now ledge meats leu VRQ se hemes uc known nuiieR Sm<]!< AiknowUdtjt 
me nl and Gump A(lmwl<(I<]( nuvt Ihc F 1 SI 1 tvoius the Pmlml liilmap A<1 nowhdqnnnil 


2G 


Tins method cm b( sml to belong to tl« Comp Vt 1 nowle dyim ills hut with slight \ un 
tion tint no neg itne leceipt of d missing SN will be sent A. bitm ip of a constant length is 
append ( d to the mgitno id liowlcdgenu nt of isujuuui nunihi 1 11ms 0 k pi (scuts ui 
iccuiatcR iccciud piclct md 1 signifies in enoi I Ins w i\ men buists can be leeov 
ored more (fhcienth is rompaiod to single turns ( [ 1 2 j ) Tigim 2 IS illusti itts the Putnl 
Bitnnp At know 1< clgt mi nt with itontult exuuplf lining lumsluit bitnnp ot 3 


I bl W d WS (24 512 PDU ) 

ARQ Window(Reciever) i 





R ceive Buffer 
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Br bl W d wSI (24 5 2PDU ) 

ARQ C PDU 


I 0« (b H 
pi 

Partilial bitmap 

riftUH 2 18 I\unpl( hn i P till il Bit imp \( know It dg< im nt 

Iieie the packets with the sequence numbeis G 8 12 13 14 2G 27 mid 29 Invc not been 
lccuvul Cornell} ilx list ncemcl pule l Ins llu SN 12 In lluscvuuplc. Liu Putnl 
Bitmap Acknowledgement consists of 3 paitial bitmaps eicli 8 bits long The hist paitnl 
bit imp ltcjucsts tin puket with SN G sdcctmp 11 k ippe ink d bitm ip u know ledges the 
piclcts with SN 0 5 md SN 7 llu second puti il bitnnp tletn aids the pickets with SN 8 
and SN 12 14 ind acknowledges pickets 9 11 and 15 Tlu thud putnl bitnnp (in toque st 
the missing piclcts 26 27 md 29 The ti msnussion ol ARQ mioinntion is done by SGH 
PDUs of tlie MAC 1 is ci 

2 5 3 Convergence Layer 

The CL ulapts the difleient coie uetwoik to the HIPERLAN/2 DLC liyei Toi each sup 
ported core networl a specnl CL is designed The CL Ins to pioucle ill functions needed 
foi connection setup and niobilil j In Mu coicnetwoil Among tlu snppoi ted coie netwoiks 
u c IP UMTS ATM md IEEE 1394 based sj stems Tlieic aie c uncnilj two diffaent types 
of CLs defined cell bised and packet based (riguie 2 19) 



ARQ Window{Sondor) . 


0 1 2 3 4 5 ® r 8 9 pul 1 1 2li 1« 91 Q17j1 fill 9ec(2 122(232 429 262E8 293(53102 


llu piukd biiHidCI is us( d to tide; tide HUM R 1 AN/2 min mi 1 \isthif puket bused 
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Convergence Layers 


Cell based CL 1 

1 

Packet b ised CL 

| 

i 




l 


HiPERLAN/2 D rta Link Conti ol L lyu 

1 


HIPERLAN/2 Physic il L lycr 



Figuie 2 19 Convergence lavoi to lngliti 1 iv c is 


network lo support tin elide u rrt t( c lmologu s use d now idiy s (In pu la t bused CL includes 
elilfc i c nt profiles \s lot cwmple II' II I I 802 \ uul I’uiul to I’oint Protocol (PPP) I lie' 
piohlcs rvulrblc 0 tin Al* m mnotrnccd m ( lie IK pli vse 1 lie Ml chooses one ol 
them dunng the nssourtion In coinbtnaUon with the Quality oj Source (QoS) functions of 
IIIPBRLAN/2, it will he possible to use the QoS suppoil loi 11 

The IP CL has a S4.R function to fit the IP pad cts into tin fixed length of a HIPER 
LAN/2 packet (48 bvte pavload) 

The ATM CL piovnles the mapping between UNI connection setup pioceduies and the 
cone spending IIIPLRI VN/2 [uiiclions A SAR is not necessuv is the AIM cell uul ill 
nectssaiy holds of the VTM hcadci fit into the 54 lay tc IIIPERL VN/2 packet Novel the less 
acompusxion of the VTM cell lu uki will he necessity 
Foi fmtliei details lofei to [21] 



Chapter 3 



Protocol Specification m SDL 


This chdptei describes tools and methods foi softwne development used m this thesis The 
development of complex tcleeommunie ition systems lesults m tin need foi specification 1 in 
guages to describe the sign filing secjuences ind the data exchmgcs both within the systems 
and between the s> stems and then environment One of these 1 mguages is the Specific ition 
ind Descnption L mgmge(SDL) [23] SDLisamodein high h \e 1 piogiammmg 1 uigtiage It 
is object enicnted found is well as giaplncal and is intended foi t lie descnption of complex 
event ehiveii led turn eommunie itmg sj stems 

A SDL specification desenbes an abstiact machine that ice eives signals fiom its envi 
lonment and responds to these signals In SDL a piotoeol is u pie suited as a finite stite 
machine, with states uiel tiansitions between states 

3 1 Specification and Descnption Language 

The spec ific it ions m this tin sis h iv< bun developed with the SD1 Development luol(Sl)i) 
fiom lelelogic SD1 is i tool to specify md milysc foimilly spt c ific d piotocols using the 
giaplncal or the pin isal notation of SDL SDL cm describe both the system s niter ution 
with its envnonment uul the sj stem s intern il niter ictions In its gi xpliieal represent ition 
SDL allows the hieiaitlncal stiuctunng into seieial levels of absti iction by meins of piede 
fined giaplneil objects si stems blocks sub blocks and pioc esses Figuie 3 1 lllusti ites m 
example 

Commume ition between clillc rent objects within the system end between the system 
and its envnonment using signal loutes and channels aie as shown m figuie 3 2 

The most ibsti ret lcul is i system which conimunie ites with its envnonment by eh in 
nels The system is composed of one oi moio blocks md eieli bloel consists of one oi moie 
subblocks/piocesscs A pioeess is the lowest level oi absti ic turn A pioeess represents a fi 
nite state machine and desenbes a pait of the sj stem A process e in be in istate oi pm form 
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( uiicnl ])io( ( ss st il( If not it w ill In d< li |( d unit ss t h< pim ( ss should si ok mu xpc (led 
signals L ich pioccss inalyscs tlic signxls teaching it uul decides upon this mfoi tuition 
whether to chxngt into xnothu stito 01 unniu m a st \t< If sc\u v! ssgnils uc i et 1 1 \< cl it 
the sunc time they ne sued m i pioeess signal cpicim in x 1 uidom oidei and seivcd one 
by one Pissing of t line m SDI is dofnud by tunc i s A timu is define cl by its dilution 
At tlu uul of this dm it ion tin fund tnggus tin sending of i sign if to i pioccss which 
mdicites tint the tuna Ins expired 

3 11 Dynamic Process Creation and Pioeess Management 

There aie two 1 mds of SDL processes static pioccsses and clyn imically cieated pioeesscs 
The piototypes of static and dynamic pioeesses lie both define d within the specification of 
the SDL system Hit numboi of mst me os of i static pioccss is d( fined while specifying the 
system ancl will be cic itocl it the system stait In Figuie 3 3 fix c instances of pioeess Pi 
will bocieitcd it system stilt 



Process PI (5) 



Figure 3 3 St due process a cation 

Dynamic pioeess tie xtion takes place dm mg i untune of the system Between chingmg 
of states which is tnggeicd by an incoming signal x new mst xnt ( of a defined pioeess ty pe 
can be ueated 

The specification of pioeess P2 defines the maximum munlic i of instances at any tune 
(Figure 3 4(a)) The fust mimbci defines the uuount of st it it illy eieated mstaiucs of 
pioeess P2 at system stilt The creation is ahvxys tnggeicd by in meommg signal (Figure 
3 4(b)) Within the ely namic pioeess cu xtion p u urn tus ( ui lie (linsfuictl Dus foil me 
allows the handing ox ei of vaiubles from a patent pioeess to the child pioeesses An SDL 
process can only be teinnnated by itself when executing the termination symbol (Figure 
3 5) 

As a result of this termmitron, the pioeess ill the elite tin < (intents of its signal queues 
me! its nmmng limns ne dd(l(d Siginls on the n w >y to tin ele life el pioeess xu ie tinned 
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Process P2 (2 4) 
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<«) 



(b) 


Figuie 3 i Dynamic process cietlicm 



riguie 3 5 SDL tcimui ition symbol 


fiom the system 

3 12 Use of C [- j- Code via AD Is 

SDL offeis the access to the CD + classes through Abstract Dvl i Types (ADT) ADTs are 
used to combtrrc the SDL with implementation langu iges like C I 1 

In oulei to mtegiate C++ code m a SDL specification an ADT can be defined as a 
C++ class or a pointer to aCH class In the fiist c asc a van iblc of the defined type will 
be an mst nice of the C++ class In the latter case it will be defined as a pointer to a C++ 
class The definitions m Figure 3 7 allow to use the ponitei to C M classes defined in Figure 
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NewType Void 

I it oral N1 I 
U £nult NIL 
/ KADT (T A !S) E(S) 
EndNewType 


D(H) H P) 


/ 


NewType myClassP / #NAME myClass 
Literals 
MIL 

new / ((NAME new tnyClass 
Operators 

new / ((NAME new myClass 
Integer 

> myClassP / ttOP(H) 


delete 

myClassP 

> Void / #OP{H) / 


/ 


/ 

/ 

/ 


f unc 

myClassP Characte 
> Integer / (fOP(HC) / 


func 

myClassP 
Void / # OP ( HC ) 

Default NIL 

/ #ADT(T A!S) E { S) D (H) H P) 
((TYPE 

((include myClass h 
EndNewType 


/ 


I i^iiic 1 () A I ) I <l( (mil inn 
3 6 inside the SDL specification 


SDL- PR code 
DCL 

ptr myClassP 
me myClnss 
l Integer 
v Void 

TASK ptr - new 

v func(ptr) 

v delete(ptr) 

v * func (me) 

i - func (me a ) 


Possible C++ translation 


myClass ptr 
myC) ass me 
long i 
// ignored 

ptr new myClass 
ptr func() 
delete (ptr) 
me func ( ) 
i = me func ( a ) 


Figure 3 7 ADT usage 

The definition as pomtei to i C++ class allows the tiansmission of the pointei as a signal 
parametei Theiefoic the same instance of a cliss can be used m diffeient SDL processes 
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3 2 SDL Development TOOL (SDT) 

The I1IPERLAN/2 simulator Ins been implemented with SDT SDT is a design tool for the 
spiufie ilion ol sj stems bistd on SDL SDI is developed bj v <omp my ealled Iclclogit md 
P 1 ovules mmj modules foi the h inching of SDL specific it inns 

• Editor 

Hit cditoi is (lu 1) isis tool tli it pxm ulcs ill SDL symbols md mcditoi foi text tic Ids 
With its help one em eieite the diffeient lien uelneil pliucs for the system blocl b 
and piocesses in a giaplncal lepiesentation The miplciiicut ition in a graplneal foim 
is also abbicmted is SDL GR 

• Analyzer 

The unljrn clucks the specific ition concerning lexic il sc untie, syntutic md dy 
nanue coiiectiuss 

• Code Geuei doi 

llie eoch genii iloi olios Lhc oppoitumlj to Li uisloiiu the gi vphie il close l lption of 
the system mlo in < \c < til ibl< C oi C I I code lhc it pn sc nl ilion ol Hit sy sic m m 
(lie genu ited code is eilled SDL PR (SDL Phi ml) 

• Message Sequence Chart(MSC) Editor 

With this module one cmcicvlc clngi ims wine h k pie s< nl llu Icmpoi il evolution of 
sign Us inside ol i SDL spccilic it ion 

• Simulator Modulo 

The snnulitoi module ofieis the oppoitunitj to test i specified system and tiaee the 
piogiannnmg steps of pioecss individually Tiaees liny lie displ lyed intei actively with 
the SDL editoi the MSC editor or m tcxtuil foim 

[5j, [G] md [7] show the clctuls on SDI llu siimil ition e uniomneiit in this thesis is 
implemented in SDL GR Some of the class libruios hvu been developed at this chan tint 
lie linked to suppoit I lie event diiveu siinul ition (t g i liidom gun i iloi, (vnhmlum tltiss) 
Connnuuic ition Nctwoiks Gliss Lilnaiy (GNGL) |2(i] is one sue li Inse elass S1MGO class 
libruj (lj is mothci ml c mil hbi uy used foi coutiollmg simulUion pu mictcis eg leveling 
default values fiom v text file These classes are included m the simulators developed by 
SDT as ADTs 

Tiguic 3 8 dlusti vtes the stiategj of a eating i siinul ition lhc implementation of SDL 
GR is tianshted bj the SDT analjzex into SDL PR Dining tins ti mslation a verification of 
the svntax and the sem uitic is peifouned The SDT code genei itoi tiansiates the SDT PR 
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ADTs 

CNCL Random 
CNCL IRE 
SIMCO ReadDefaults 



1 ikiik 5 8 C i< ilion ol i siiiiiiltlum with SD1 


not Uioii into C cock Now SD1 sluduil libi uy, CNCI nul S1M( C) 111 >i mts nu liuktd lo 
the gdid lied C did< imldtlid \ ptiloun uitt simiilUion m iSUl simulition is piodmtd 

The peiformanoe simulation should be used foi peifoim uu c t \ dilation puiposes because 
of a lugliei simulation speed wheiens the SDT simulition williin the SDT snnulatoi is 
executed molt slowh but olUisllu lollmung oppoitumlits 

• debugging facihti step 1 a step 

• cit it ion of Mtssigt Stqudiet Cliuts (MSCs) 


I 





Chapter 4 


HIPERLAN/2 Forwarder 

A situation can anse when a Mobile Tcinnnal (MT) is unible to connmmic itc with the 
Access Point(AP) 11ns < in usiill lx c wse ol i luge clisl vnu between (lie AP inel the 
MT oi clue to obst ules (hit e uisc high it t Limit ion m the i idio pith With the use ol 
a foiwuclu it is mte nele el to o\c le enne the elilhe ultus me iilione d ibove oil the chi e c t link 
and thus cnlnncc the coininunic ition l vuge ol ui AP 11ns eliiptu pi ovules i bud look 
into the concepts of foi wauling mil includes a detailed duussion ol i foi wauling concept in 

111PLHLAN/2 


'"d 



(I 

Mr “ ~ 

e ii i i i k i i 
ink 


LK bND 

MT M I 1 T in I HUT R n t M 1 1 T i I 

IMT K 3 rd M bll lull U \ i 1 I t 

Figuie 4 1 Tj pical outdoor foi warding se e n mo 
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4 1 Typical Foi wauling Stonanos 

Two tjpical fox w aiding scemnos uc pio&ented below In Figmis 11 and 42 a Remote 
Mobile lei mmal (RMI)is x Ml tint c uinot coimuunic iU with tin AP outlie Conventional 
Link 1 lie nomend itiue Rnnote is used to clifh icuti itc it horn a iioiihaI MT tint is 
connected to tlu AP on the comuitioinl 1ml and i MT being m t lie foiwaiclmg scuimo 
One of the MTs issoented to the VP on the convention il link uid loc ited at the edge of the 
AP coveiage aieu c vn pcifoim the function of i foiw uclci and is thus named roiwaichng 
Mobile Teimmal (FMI) Figuie 4 1 is genci illy an outdoor sunuio with laigc dist nice 
between an AP and i RM1 wlieic is m ui mdooi sun mo i will m obsLiuction is causing 
high attenuation foi a conventional link An linpoitant issue evident hom the Figuie 4 1 is 
the connnuiiK ition l mge oi covei igc uei of the I MI uid is disc ussed lalci 


4 2 Concepts of Foiwaidmg 

1 hi ( t Ij p ( H of loi w udt is e in be disigin d b isul on tin ( oik < pis givt u be low 

• rTccpiency bised concept, 

• lime b isc d < one e pt 

• Mix of fiequcncv uid time based concept 


id \ 

MT 

[ 

J x MT 

J AIN. 


/\ 

t-MT 

_J KM l 


Convention il 


Tor wild 



1 ink 


Link 



rigiue 4 2 Typie il mdooi foiw tiding, seen mo 


4 2 1 Frequency Based Concept 

The two links, the conventional link uid the fox waul link both opt i il e independently on two 
different fiequencies (Figuie 4 3) The concept suffeis fiom a sciious diawbacks of having 
to use two tiansceiveis Besides mcieasmg the cost, this puts lestnction on the si/e uid 
weight, ol the Ml The concept also mimic's i sepei itc fuqunin/ munatjunmi , which t in 
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be tomplc \ ] t( pin^ 1,1 mind tlu lnmtc d numbe i of fie cjut in \ eh muds mu ilk 1 c c 11 si/c mil 
the powei output of the toimunls 



Time 

1 i^ui c 4 3 1 ltqucncy b isc d loiw tiding, 


On Uk ot hi i hind tin s\ stun design < uilx kept quite simple 1 he piobleius of ini 1 1 
fercncc can be overcome In, piopci loc ition of the teimmils cemtiolmg powei output md 
using dnectional vntenins 

4 2 2 Time Based Concept 

The two links woik on time sliunig basis on the sunt frequency (I iguie 4 4) This conecpt 
solves the inoble m ol m e\ti i ti msec ive i le qune el in the pie vious lit qtu lie y b ise el e erne i pi 
The teimmils ire thus cost effective and less bulky The obvious idvintages ue of eoiuse 
at the expense of uelueeel tlnoughput is complied to the heeiueney biscel coneept 



Time 

riRino 4 4 I line 1) isc <1 foiwaielme 


4 2 3 Frequency and Time Based 

Torn aiding cm ilso be clout using a mix of hccjiicnc} uicl time sli rung 11ns concept 
is a compromise between the two individual concepts mentioned ibove Though it has 
advantages of both of the previous concepts it will uepme moie complex coordination uid 
the single, tiansceivei should be c ipabk of switching frequency if i lnglici late conip u ible 
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to the ft one length In 1 lyue 1 r j I Ik t onvc ul ion il link mil tin loiw inline link opo ill 
on two dificicnt Requeue us f\ md fi lcspcctiuly I he loiw n<lu leccivcs the MF fxoixi the 
AP on /] and sends a ST on frequency fi It will switch bid to f\ chump, its own DL/UL 
phase m MF to communicate with the AP 
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4 2 4 Example Concept DECT Relay Station 

A Relay Station m Digital Enhanced Coidless Telephone (DECT) system [19] called Wneless 
Relay Station (WRS) iollows i snnilai ijipioirh ot the* ficqiuma uul tune based concept 
The impoitant aspects ot DEC1 MRS is that DECI is iciicuil switched netwoik and the 
WRS is a fixed station Thus thcie is t funduncnl il chile i<u<< in the purposed concept 
as HIPERLAN/2 is packet switched netwoik and the id ay station is a mobile terminal A 
buef mtioduction to the concept is piun below 

In the DECT system the base station is described is R ulio Fixed Pait (RrP) and 
the a user teiminal is rcfeicd to as Portable Pait (PP) The MRS contains a Fixed Radio 
Termination (FT) and a Foil able Radio Teimmntion (PT) Tlu lea elements ot the RrP 
are built into the I 1 uid the PI contains the kcj dements ol t lie PP Ihe hT clement 
acts towards a PP exactly as an ordinary RFP and the FT element acts like a PP towards 
the REP llu WRS unit uns intuwoikmp lnlwein its 1 1 and its PI II tlu uliy opuilts 
as a pun up< aid si limn then ( lit lime slots willnn llu pin sic >1 layci an mtuhnkul 
tlnouph tlu ulay lundions m llu physic al layti This ti mspneiil scivuc allows dal a to 
be li uisnnlUd within llu s mu lull li urn It tlu id ay nip, is c mud out m tlu MAC 1 ty ci, 
each connection m tlu lelay is assigned its own sepai ate MAC layer entity This allows it 
to evaluate uiclependenth the quality of the channels and to execute a beaiei setup oi a 
hxndoaci usmp dynamic ch umel selection 

Comp aud (o tlu RIP a M RS may mtioduee cap acity lcstiu turns to the sei vices ollucd 
This lcstnction mi} me lease with the numbei ol cascaded WRS links (hops) 

Fiyuc 4 6 shows tlu h 1111 c mulliple xmp stiuctme lot a n 1 as si alum Euli slot ol the 
M 7 RS c an be used as citlui a lccenc slot (R\) 01 a send slot (i\) as decided by the ael ay 




39 



During the fust hall h ime (sloth 0 to li) U1 designated Ii\ sLols listen to RFP tiansnnssions 
and all design ited T\ slots ti uisnnt to Pis In tin second lull li um ill R\ sloth listen to 
the PP md all T\ slots ti uisnnt to the RFP In tins example i connection exists between 
the RPP and the \\ RS in slot pan 1/13 The conesponding foiw tiding path between the 
WRS xnd the PP is occupying slot pan 3/15 

4 2 5 Concept Proposed for HIPERLAN/2 

Forwaichng m HIPERLAN/2 is still a wide open held It is pioposcd to hist use and test 
the time based concept The leasons foi the choice aie listed In low 

• The shaimg of ladio lessouices on a tune sliaiing basis his an inherent suppoit of 
QoS paimictcis us the whole icces nctivoik is synchronised to i single point in the 
access system i e the AP which controls and giants the icsouices used 

• HIPERLAN/2 is biseel on i Time Division Duplex (I DD) eemeept flic entnc uecss 
nelwoile opciitcs on i single fi tenancy though the opium ol elniigiiig to uiothci 
ficcpiuicy is uulible If the 10 is only one suigli hcepuwy bmd ivulibh m m ue i 
due to mtcisystcm mteihume oi itguldcny lestue turns the pioposcd lime lnsed 
concept will still be able to operate 

• In conti ist to lnown htcpicncy bised iday concepts i tune lnsed concipt dots not 
need extia timscei\ci oi haidw uc is eithci tlu use ol ehfleieut fiequcncies ue not 
necessaiy oi in i mixed fiequency/tnne based concept the switching pomth between 
elifle uni ficcpu lie its uc pie de hue cl 

• Anothei mipoitmt issue ldatcs to the compitibihty with the ihcaely developed sys 
tem of LIIPERLAN/2 The use of otliei two options would h ive made the foiwuelci 
incompatible and thus could not hue been simulate el 
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• nun ha\e bun pi omismg ic suits with idhoc nctwoil s uul ilso tin use of loiwueh is 
on ficqucnca bised concepts On the otlici hand tin pioblcm of synchioms ition of 
the lesouicc sliding between two ct 11s is problematic is the foiwaidei is i meinbei 
of two coll contiolled bj two different controllers Between these cells the support foi 
QoS is pioblcm die uiel cun the unplcine lit ition is complex is a foiwudcr consists 
of two compic (c Mis me Incline ti msec nos 

• In the DECT system aielq concept on a nnvd ficcjucnc ^ /time bised concept 1ms 
alreidj been lool cd at But these systems show a fund une ntil difference as they 
operate on a encuit switched basis which on one hind eiscs the organisation aspects 
but on the otlici hind doc s nol suppoit lust c floit seme cs which exploit the cipuitj 
tempoimlj not used bj QoS dependent suuccs 

• As ihc id} mentioned no extii ti uisccivci liuclwue is needed This will keep the 
mdmduil teinnnrl costs low The pioposcd concept urns to suppoit tenmnils in 
cases wlieie thcic is no direct contact to an AP but i icily is leicliiblc So this 
concept suppoits uscis being m areas whcie thcic is no plumed suppoit but it is 
possible to get suppoit mstantlj with the help of otlici use is Tins is possible only 
if then aic nnn\ nseis cipablc of suppoitmg this concept which is agun possible 
and economic d only if the assoented equipment is not costly l e the concept does 
not require significant additional costs so that neaily all use is ue ccpuppecl with the 
addition d fc atm c s 

• The pioposed concept must be built with compatibility to the already existing sptci 
hcitions This 1c atui c will allow u ad> mlioiluc tion of these systems 

• It is possible to combine the pioposed time based concc pt with (once pts on a fi e uqt m j 
coding oi even spalnl basis I lie sc concepts ue expecled to fuiLliu mat ise (lie 
exploitation of the aa ail able iacho ltsouicos 


4 3 Forwai ding m HIPERLAN/2 

Within this thesis foiw udmg m HIPERLAN/2 is pioposcd to be done using the tunc based 
concept The u asons feu this choice mcl tin och ml iges lint die uly been highhghUel m 
section 4 2 5 Tins section desenbes in detail the various options available to realise tunc 
based foiw udmg m IIIPERI AN/2 Fiom licic on loiwueling is me mt to lie m context to 
HIPERLAN/2 
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4 3 1 MAC Sub Frame 

The HIPDRLAN/2 Technical Specifications(TSs) specify a MAC Rame(MF) that is shown 
ill riguu 2 13 A Supoi Fi unc consists of i ti tin of these MFs EnliMF is divided into lorn 
phases ot Bio ulost(BG) Downhill (DL) Uphill (UL) uid the H uulom Acccss(RA) phase 
Ot he i p u nnolois of the MF line ili< idy lx ( n desi nix d m dd ut in se e turn 2 r > 2 

lilt MAC bub Duiiu (SI ) m tlx hgm< 1 7 is tin ley (liiiuiil of the proposed loiwudmg 
concept 1 his ST is sent out by the TMT loexclimgc dil i lxlwcui itself md the RMTs 
associated to it The UL phase assigned to the TM1 is utilised to send tins SF The essential 
points of the SF aie discussed below 
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riguie 4 7 Pioposed MAC Frame Layout for HIPER LAN/2 Foiwaiding 


• Similar Structure 

Since the stiuctuie of the SF is similar to that of the MF i MT can easily receive it 
when functioning as a RMT Thus a RMT and a MT c ui hive same design 

• Control over the SF 

Ihe control ovei the SF can be done either by the AP oi by the FMT This includes 
both scheduling md Resolute Glints (RG) md ue discussed m subsecpient sections 


• BC Phase 

Ihe BG Phase includes inhumation regarding (he ciitne c e 11 uid is sent m evuy fi une 
It h is to bo sent once agun foi the RMTs issocnied to the foiwaulcr It his been 
e died 1 01 Wilding IJicnelf »sl Plns< 0 IK I*li is* ) in 11 m SI 
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• Phases of the ST 

The Phases ot the SF function aie cxictlj 111 c cqimiluil phases m the MF Thus 
duung Foiwuclu Down Lml (T DI ) Plnsc the TMT sends the dita packets fiom 
TMT to RM1 md smnl ulj during Forwaidci Uplink (F UL) Phase the FMT leceives 
uplink data fiom the RMTs 

• K uidom Access Chinncl 

I lu Niunlx 1 of lUivdom At < t ss S/n/s m 1 M 1 H uidom A< c i ss C II unit 1 (1 1UVC1I) w is 
teduced to lull the nuinbei of RACH slots m the Mr Inc ruse of smallei numbei of 
RMTs being assoented to a FMT than to an AP which leuls to a smaller probability 
of collisions in the F RACII 

• User Data Flow 

The flow of usci cliti piclits is explnncd with the help of i clngimi (Figuic 4 8) 
In flu DL plnsc the pul its me mt foi (hi RMi in suit to the IMP m tlu slots 
assigned to iespecti\c RMTs (RM1 is known to the AP) The packets aie collected 
by the FMT and stoiecl m the queues Subsequently in tlu T DL phase these packets 
from flic queues lie foiwudul to the RMT A similu pioecdiue is followul foi UL 
li ifhe 



CZD i 

I I 


Figuie 4 8 Usei Dat i Flow 


I 


I 


• Throughput 

The ovciall tlnoughput of the system is reduced as the same mfoimation is tiansfmed 
twice This lefeis to the control mfoimation is well as to (lu user dat i packets 
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4 3 2 Imp oit diit Aspects of Foi wauling 

The pievious subsection highlighted sonic of the important and < ommon teatuxes of the SF 
The 1 < tic ( ( it un issue s like RC s (onliol uid m in ige ni( nl ot llit SI thilchetile fin design 
of a TM I 

• Comp dibilily 

The design of the FMi should be compatible with the HIPERLAN/2 specifications 
of the AP uid I lu MT 

• Efficiency 

The design should offei in acceptable stand ud m thioughput cell delay and QoS 

• Sub Netwoik 

The FMT uid its issociated RMTs foini a Sub Nctwoil If is open how many FMFs 
should be allowed in the netwoil uid how mail} RMls should be associated with one 
FMT 

• Tluoughput 

All RMls will send Resmuee Reejiust (RR) lo the 1MJ inel the 1M1 will liulhei 
idd its own RR (if ury plus the HR foi the SI ) and loiw uel the combined RR to the 
AP At AP, the RRoflMl will mini ill} he imieli mote th m Ihnl c>r n umunl hi I 
The scheduling stiategy adopted for the RGs will thus die t ite the thioughput at a 
RMT and a FMT 

• Control ovei Forward Lmk 

HIPERLAN/2 is a ccntiall} eonti oiled system with cut in contiol done by the AP 
Foi w aiding utilises anothei link i e the foiwaid link (Figme 4 I) The control over 
the SF includes h nulling of RRs RGs and the scheduling B iscd on the conliul ove i 
the SF, thcie can be two possible leahsations of the FMT w Inch have been explained 
m the following 

- AP Gout lolled 

- FMT Conti oiled 


4 3 3 AP Controlled SF 

In tlu eonve lit ion il s}stim Un AP t onliol Hit lesomees oi issign phases loi both DL as 
well is UI traffic 11ns is based on the RRs and the ivulibile e ipaeity in the MF Tins 
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section highlights the concept when ilu AP tontiols tin SI nn the icnw ud hnl Du 
charactciistics of the concept are as follows 

® 1 he AP Ins knowledge of ill Lhc nine I Mis uid ilso (Ik HMls issou ilcd to e uli 
FMT 

• 11h point mi nl min <1 ibrni i m lx u < oinplislii d Ip iisnuitf sipiinfi MAC Iduililj 
Numbers(m the ISs) for the I Mis 

• Thus time aie llncc distinct entities m the netwoik i c AP FMT amd RMT 

• The SF is ilso scheduled bj the AP m addition to I lie Mi 

• The RRs foi both the F UL and UL Phases aie pi iced with the AP who does the 
lecouice minigcmcnf Since AP is awaie of the I Ml it will take eaie ol the luge 
capacity of the TMT 

• FMT is just a foiwaidei who picks up data flora DL/UL sleits and foiwaids them in 
the F DL/F UI slots already assigned by the AP 

Advantages of the Concept 

• Since all the Rids (both UL uid F UL) lie eviluated bj the AP, it can exeiu&e moie 
control over the RCs uid thus ousme fan Tcsemcc i/um/tiHj to tlu FMT ind tlu olhoi 
MTb Plus is due to the fiet that the RR of a FMI is much lugci than of a noimal 
MT 

• Hie data packets will suffer less delaj since the data cm be forwarded in the same 
MF This is possible as all the RRs aie evaluated the AP uid is thus aware of the 
data that is to be foiwaided by the FMT Tlieicfore the AP cm le&eive time slots in 
the MT, foi comentionil dita uid foi the dita tint is to he foiwmled 

• The FMT will have a simple design It will not need the schedulei and both the 
blocls MAC and Fonvuidei (see Chapter G) will be simple 

Disadvantages of the Concept 

• The concept requnes certain additions to the DTSI on IIIPFRLAN/2 e g rese lvition 
of MAC identity numbeis loi the FMTs and new Radio C ontxol Protocols (RCP) for 
the FMT 

• In this concept the TMT is not compatible with HIPLRL \.N/2 specifications ol AP 


and MT 
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4 3 4 FMT Conti oiled SF 

Similar to the convention il system the AP lies full contiol oui the MF line as well but 
the ( onl 1 ol ovi i SI is li wide el em i to tin IMi As sec n lumi llu HMI (lu FMl is ictmg 
like an AP and foi the AP both RMT as well as FMT aie like noinial Mis The following 
subsection pioudcs ui insight into tin concept 

• lhtie lie onh two entities AP uid MT m the nctwoil I \I1 is consideied ns i MT 
me! thus the AP is not iwaie of the foiw u cling lml 

• I MT c\ ilu it < s tin RR foi llu SI in uldit ion to Ins ow ii It It mil studs tin (oiiibimd 
RR to the AP The lesouius for the SF includes T BC 1 UL F DL and F RACII 
pli ises 

• The UL phase piowded to the FMT is lescludulrd by tin TMT into a SF 

• All lesource management i e compilation of RR RC s to tin RMT handling of RR 
with the AP etc is done by tin TMI 

• The TMT has its own schedulei and other routines to Inutile all the management for 
tin SI 

• A number of queues uc linmt uneel it tin IMI to stoie the el it i pickets that ue to 
bcfoiwauled it the ippiopn ite time 

• Resorces foi the SF have to be granted by the AP Thus TMT might not get sufficient 
resources for the SF, m eveiy MF 11ns can be oveicomc In ittaehmg highest pi unity 
to the RR. of the MIT 

Advantages of the Concept 

• Ihc concept cm lie iodised witlnn the ivnlible HIPER L YN/2 specifications 

• The TMT is compatible with the specifications of alicicly elevcloped AP and MT 

Disadvantages of the Concept 

• As biought out euliei theRGs foi the SF is dependent upon the scheduling stintegy 
usoel it (he ^P 1 he pie sent unions of schedule is used hi tin AP h ive to be modified 
to oveicomc this pioblcm 

• Smec (lie AP tie its both the IMI uni the RM I is noi uni Mis, llu tluougliput it 
the FMT and RMT is reduced and is dependent once agun on the scheduling at the 
AP The AP is not awaie of the foi wauling link 
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4 4 Paiameleis foi the FMT Conti oiled HIPERLAN/2 
Foiwaidmg 

iliac lit sonic nnpoitaut issues tint need to be discussed m tins 1M1 eontiolled concept 
of foi wilding Tin options i\ ul ibl( u< unlimited md c uh li is its own me tits 

4 4 1 Tliiougliput and Communication Range of the Forwarder 

The concept mci eases the liumbei of oierluads m the MF due to the piesence of the SF 
m c lse of font nclmg sun mo 11ns Ins lmplic it ions m icdiiilion ol tlu system thiough 
put The problem can be oveicome b> using moie spcctially of he lent modulation schemes 
mentioned ui tin HIP I HI VN/2 specific it ions I In nse ucli md simul dions pic sc nt( d m 
the thesis done on the MAC lijei of HIPERLAN/2 in the e ou\ c litional scenuio in [1 1 J 
lecoinniciiels to use 16Q4.M with coda \te 3/4 foi encoding the I CH PDU Instead wc c in 
utilise one of the listed modulation scheme of 64QAM with c odei ate 3/4 to encode the LCH 
PDU on the foiw ucling link 1 lie sum cui vlso be considaul loi the otlin PDUs Hie 
consequences of this is the reduction in the communication l mgo of the foiwudei if the 
Name piolnbility of nioi is to be muni mud on the (lmiud 

4 4 2 Length of the SF 

The ETSI Specifications of HIPEItLAN/2 specify that the length of the MF is fixed at 2 
ms The length of the SF is vanable upto 2 ms and depends upon the resouices gi anted by 
the AP The BCCH specifies the starting bit of the RACH and the numbei of RACH slots 
The MT synchronise oi w uts foi the next fi line at tlu aid of R VGII Smiilirly m tlu SP 
the F BCCH specifies the staiting bit and the numbei of F R VC H slots The RMT w aits 
foi the next fi ime it the end of T RACII slots 

4 4 3 Data Queues at Forwarder 

The cells arnving at the FMT fiom eithei dnection have to be stoiecl tempoinily bcloie 
they uc Imwuehd to tlu ippiopmU destm ition llu stoi igc is done in the queues m un 
tamed at the foiwaidei An nnpoitaut point licie is not to rllow the queues to ovuflow 
This cm happen m c isc the incoming elite nto is lnglia thin the outgoing i ate Tlio highei 
oi at least equal outgoing data rate can be maintained bj suHicient allocation of capacity 
foi the SF This can be achieved at the schedula by giving pi unity m the allocation of 
e ipauty Anolliu point is to hive sulheiint immcnj m tlu lirnlw ue The ivu ige length 
of the queue will depend upon the fi ifhc elm utcustics The mcmoiy spice c ui be woikcel 
out foi tlu linxmnim (luoughput 
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4 4 4 Sulliciciil C ip icily loi Si* 

The foiw u dei w ill put i c&Ci actions on the ser\ ices to the RMTs 1 Ins is due to the availability 
of the cipicity At tin AP icsoiuces aie gi rated oi scheduled lnsed on tlic RRs ol the 
MTs and the avail ibilc crpiciU It is obvious that the RR horn the TMT will be veiy high 
compaitd to tli it of i MT Piohlems oum only it tcmpoiui system overlords anti lie 
highlighted with the help ol i Figuie 4 9 


F IT 



1 II 

1 II 


1 1 
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1 1 
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N El tl n d R bl ft I cl II tr 

Figuie 4 9 Existing scheduling 

There aie tluee MTs one RMT and a FMT associated to the AP Each one has a usei 
connection (ABCD) In figuie 4 9 the figuie on the right shows the scheduling startegy at 
the AP with lespect to the connection set up figuie on the left The RR fioni each of the 
connections of MT/1 MI /RMT is shown m tlu bins it tin top ol tin ligmc i he last bin is 
of FMT and has 9 pad cts (A1 to A9) m the queue uid this includes RR foi the SF as well 
The icsult of the schedulmg(Non Exhaustive Round Robin) is shown in the MT constiuctcd 
at the bottom of the figuie on the light We sop tint like the ill of lie i MTs, capacity fot only 
oik picket is dialled to tlu 1 Ml, mspite of the I Ml lining tluee times lugci leejiust 

The solution idopted to this pioblem is shown in Tiguie I 10 The TMT can dun md 
mote user conned ions one euhfoi i KM l uid (he 1 HC plnsi In tlu exunplc shown m 
the hguic it now Ins tliicc connections one foi the F BC pli ise one loi the SF and one loi 
itself Since the RR uid (hue diet scheduling is (ounce lion lnsed the RR it tlu sdicdulu 
is divided into tlnce sepaiate reejuests as shown in the bins A1 to A3 The result ol the 
same scheduling staitegy is shown in the MF at the bottom 

This solution leads higliei numba of connections to be li unlit d Theiefoie there will be 
less connections possible loi othei RMis A bettei solution is to h i\e an unpiovccl schedule l 
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Figuie 4 10 Solution to the scheduling 


that keeps m nund the length of the lequests and docs fin c apuilv alloc ition scheduling m 
HIPLRLAN/2 but this will lead to the AP contiollcd concept w ui anting a change in the 
HIPERLAN/2 specifications 


Bfi 





Chapter 5 


Theoretical Analysis 


Having understood the HIPERLAN/2 System and the fox wilding concept employed foi 
HIPLRLAN/2 (in this thesis), tins dnptci will focus oil the iditul thooictuil amlysis 
This analysis will form the basis for the simulations and the pi u tic d analysis discussed in 
the next e hapten 

llie following aspects ln\e been analysed and aie picsented in the subsequent sections 

• System Thiougliput 

• Ovu heads due to the fonvaidei 

• Piobabhty of PDU Loss 


5 1 System Throughput 

llie stiuctuie of the HIPERLAN/2 MAC piotocol is highly flexible The length ol FCH 
and RCII vanes and is dependent upon the number of MTs [umj ) the usei connections pci 
MT (n co , m ) the numbci of FMTs (nrti/r) and the numbei ol RIM Is associated with each 
FM1 ( 7 ? hmi) The <Ut u ite isfmthei afleetoclby the modul hum seht me end tlu coduiti 
ldoptul to innsnnt Hit PDUs 1 he uulysis is nine el it < lie ul ding m iximuin tluoughpnt 
With K sped to 1 lie vui ibhs mnilionnl them 

5 11 Conventional Link Parameters 

BCH PDU The BGH is 15 by tes long and is always encoded using BPSK with code 1 ite 
1/2 It is sent 111 eieiy fnmc with a pro untile of 1 OrD\I symbols Eaeli OFDM 
symbol has 3 bytes when encoded with BPSK 1/2 The length of the BCH PDU 
(Lnc ll) theiefoie gi\en by 
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Liu h 


— 4. Pi eamhU iu // 

= 5+1 = 9 01 DMbijinboh 


( 1 ) 


1 C1I PDU flu 1C 11 Ins v\unbl( length md is depende at upon hmj and n rorm E ich 
1 C 11 PDU is 27 1)) t< s long 01 1 imiliiplc ol 27 In li s A 1 C 11 PDU consists ol tlnu 
8 byte Infoimation Elements (IE) md 3 byte CRC 24 Eieli connection lequues two 
8 bjte IEs foi the DL md the UL ti ifhc is the usci connections ue bidncetiond 
rCH can be encoded with im of the modulation schemes md thus the length ol 1 CH 
PDU (/ / ( u) is depend ml upon the modulilimi is given below 


I rc 11 


2*71 ni * 8 

27 ' 

24 

BpSi ( 11 


( 2 ) 


The DpSpcu lepiesents the numbei of bjtcs pei OFDM Symbol depending upon 
(lie niodul 1I1011 md llu < ode 1 ilc ttsed Im lh< 1 ( II 


RCH PDU The length of RCII PDU depends upon the nuinbe 1 ol RGB Slots ( Slots uc //) 
111 011c MF Dull RCII slot is 9 by It long md is ilw ij s ( lie ode d using BPSK 1/2 A 
pieamble of 4 OFDM sjmbols is xttaehed to each slot Hie total length is then foie 
given bj 


Liu n = S/o/s/tf // * (4 + Pi < ambit ui ) 

= SlotbRcn * 7 ( 3 ) 

ACPI PDU The 4 CH PDU is 9 bv tes long and is again ilw i\ s e ncoded using BPSK 1/2 
The length of ACII PDU is then 

L \cn - -j = d 

Downlink und Uplink Phase Each cell ti 1111 in both uphni mel downhill phases ue 
pi cc ceded bj 1 pieamble One cell tiam camcs dill horn one MT and thus the total 
piennble length is dependent upon the numbei of MTs The downhill pieunblt is 
2 Ol DM sjmbols md the uplml pie unble is 3 Ol DM s\mbols long In the uphill 
phase eveij usei connection is piovieled with a SGH 1 DU ten the next lesouiee 
i<i|tnsl I ui the downlink p)i ise 
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I ni — )> \i 1 * i 7 i tnnbh t)i 


(->) 


Foi the uplml ph ist 


L( / = nsn 


PicambU +n f(nu * 


<) 

BpS sr // 


(G) 


ihe BpS^c a i(j)H suits th( numbd ofbjlespci OlDMSuubol depending upon the 
modul ition scheme and Ihe eodei ite used foi the SGH PDU 


5 12 Forwaicl Link Paiameteis 

ilu pu undus nit ntioiit d m (lit pitvimis stclion ipplv In flit MAG Sub Hunt (SI) on 
tilt loi \\ ud link is well llu onlj t h iny s lie in the modul it ion uul the eodei ite used foi 
the FGH the SCH met the LGH PDUs 

T BCH PDU The BCH PDU on the foi wai dint link (Lr-/u //) is same as the BGH 
PDU on the eomentioml lml 


1 1 —IK II — L/U II d) 

F FCH PDU The onl> eliffaence between the TCH PDU on the foiwaichng link ( Lp-i c If) 
und the one on the comaitionil link is tlu lnoelul ition md Ihe eoeleiate used llitie 

foie 


Li-ku - 


2 * H-unn * 8 

27 

- 

24 

Bpbi -i c ii 


( 8 ) 


Hit Dpb] -i c ll upustnls the luunbei of bytes pa 01 DM Symbol depcntlmg upon 
tlu modul ition mid the coduato used foi the TCIl PDU on ihe foiwtulmg link 


r RCH The numbei of RC1I slots on Ihe loiwud link uc icdnadduc to the l ut 111 it the 
munbei of RMTs is less Othenuse it is sune as the RGII PDU on the eonveution il 

lml 


Lr-ncir — IRC, j&f WAL UIBRAH* ( 9 ) 

| | T _ 

<•**0130816 


mwi 


r ACH PDU, DowaLmk and Uplink Phase Preamble Ihispn unctu is xgxinsune 
to the one on tin com nit ion il 1ml 

Li - \c ii — L \cn ( 1(J ) 


1 1 ni — I Di 


(il) 


Li ~ul = hhmi 


Pi tumble + u Lonn * 


<) 

Bpbi - sen 


( 12 ) 


5 13 Analysis Paiameteis 

Tlu length of cxcli Ml is 2 ms uid the length of ex<h OFDIVI sjinbol is 4 /i Thus the tot xl 
munbei of OTDM sjmbols m one MF is 100 Using ceitiiliems 1 12 the length eil the tot il 

numbei LCH PDUs cm be cxlculated foi both the convention il is well as the foiwaidmg 
seen uios 


Toi the convcntioinl scenano 


Lie ii — 500 — Luc ii — Li ( u — Lac ii ~~ Lpj - Liu Luc n 

OF DM Symbol h ( 13 ) 

For the foi wax cling scenano 

Lien = m-(Li) ( ii -J k n - Du n - Loi - lui - L, { ( n) 

~{{L, ii ~ L, c a - 1 1 - u u - Li „i>, - I i in - Li-j iU i)*ni uj) 
01 DM Symbols (11) 

1 \ble 5 1 \ unble p u itiu te is loi system lliiemghptil on eonvenliem il link 

Hit LC11 PDU is 54 b>tcs long and depending upon the nioelulxtion and the codei xtc 
used the numbei of ICH PDUs m one MF e m be e deulited is below 


Nil 1 C 11 = 


1 ;c ii 
" i 
, ^Bp^lc n - 


Each LCH PDU h is a payloxd of 48 bv tes and the elm xtion of MF is 2 ms, thus 


Tb oughput = 


NB LCH * 48 *8 [Mbit] 

1 1 I till)/ (I null II [ S ] 


( 15 ) 


( 16 ) 



Tiblc 5 1 A mible p umit tens foi system thioughput on conventional link 


Scenano 

Phy Mode FCH & 
SCH 

Phy Mode 
LCH 

Ha// = 1 

H >mi ~ 1 

HPSM/2 

BpS, c a = Bp Ssc 11 = 3 

IH’SKl/2 
BpS l( „ = 3 

»a ti = 1 

1^10 III f 

BPSK1/2 

BpSren — BpS sc 11 — 3 

lb QAM3/4 
BpS, c,i = 18 

H \/ / = 1 
»,,,,= 1 

_ 

lb QAM 3/1 BpS, ( n = 
BpS Sf „ - 18 

lb QVM3/4 
BpS, c 11 = 18 


o. 


30 
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20 


9 Sd 


+ -4 D D d 
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LCH 16 QAM 3/4 


+ + a °D n / FCH & SCH QPSK. 3/4 
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J a 
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D- 
J2 
01 
P 
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a a r 


°a r 


J Dr 


£ 10 r L C II BPSK 1/2 


TCI I & SCH BPSK 1/2 


D o r 


5 h 


°^Oooooo^l + +^LCH i6QAM3/4 a Op 

0o ^Oooooo 000 ++ FCH ASCII QfSK 3/4 u D a 

i | i ? 0 °00<}’0^j; I 1 1 — i — Os- 
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Figuio 5 1 S3 stun tin output on tin tome nlumxl link 


5 14 Analysis Results 

The sj stem thioufcUput w as calculate.!! foi both the comcnlimnl uid the foiwaidmg see 
11 u 10 s The calms ol (he \ 1111 bk pinmotois hive been shown m 1 t ibul u loim Though 
the conventional scenano has alieady been analysed earl.ei [11| it is repioduced lieu foi 

comp uison 
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I ible 5 2 \ nnhh Ids loi s\sl< in Itiiuuj lipiil on lh( loin ml link 


Seen mo 

Phy Mode I FCH & 

F SCH 

Phy Mode 
F-LCH 

mr\u = ' 

M onn ~ 1 

BPSK 1/2 BpSi-rt // = 
BpSp-bcii — 3 

BPSK 1/2 

BpSi _u n — 3 

llRMl = 1 
a conn — 1 

BPSK1/2 BpSr-rcn = 
BpSp-scn = 3 

16 QAM3/4 

Bpbi -leu = I® 

llRMl ~ 1 
Miami = 1 

16 QA.M3/4 

BpS[ _/ cii = 

BpS/ _sc ii = 18 

16 QAM3/4 
Bpbi _/c u =18 

mum i 1 

[ It conn = t 

Bl’SKl/2 /djiS, /f „ = 
BpSi _ic // = 3 

Bl’SKL/2 

Bpbi -u a = 3 

Mra/7 = 1 
Mean t = * 

BPSK1/2 BpSi-icn = 
BpSj _sc // = 3 

16 QAM3/4 
Bv^-ku =18 

MrMI = 1 
Mann t 

16 QAM3/4 

BpS/ -i c a = 
BpSj-icn - 18 

16 QA.M3/4 

Bpbi -/(ii = 18 

■ - 


AnalyMB Results Conventional Scut u ui 

The vaniblc pu untie is foi this sccnaiio aic listed m lablc 5 1 lUc hist column yves the 
nunibti of MTs uid tlu numbn of use i (omit cl ions Tin 2nd md Hit 3id columns spec ify 
the modulation scheme md the codeiate used for the FGH/SGH PDUs and the LCH PDUs 
lespcctncly Tluee dificient combinations have been shown the woist ease is yven in the 
fust io\\ then the best e esc and finally the lecoiumuide el c ise The leconuiicnded e esc 
coi responds to usnife BPSK 1/2 fin the FCH and the SCH PDL md 16QAM 3/4 fin the 
LCH PDU 
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An xlybis Result s Forw u dmg See n u 10 

The in d) sis Ins been done with icspect to the most leccome neled combmition of using 
BPSK 1/2 to (modi I CI1 vnd SCII PDUs uid using 1GQ \M 1/4 loi Ldl PDUs on 
t he comcntionil 1ml The combinations of vunblr puainitns on tin foiwud link li ivc 
been listed m tin Tibli 5 2 lliree diffc lent combm itions tin best the voist vnd the 
iu oiniiH nd( d c vsi s ol tin moduli! ion scluines mil (lie <od(iil< lnvc been uni} seel 

• Case I 

Figuie u3 shows i giaph plotted toi the mixmium s\st(in tlnoughpul on the > 
axis and the numbei of FMTs on \ ims Eich I Ml lus blither one RMF with one 
connection vssouvtul to it Mixmium possible thioughput is 29 Mbps with onh one 
FMT xnd one RMT with one usei connection and the minimum is given by 7 TMTs 
nid 7 RM Is 

. Case II 

1 Ik \unble puuiietei on the \ t\is is now the iminbe I ol use i (emueeliems I lit 
sjstem set up Ins one 1M1 mil luithei one RM1 issue ill ul to the AP The usei 
eonnee lions lie \ me d between the AP md the RM 1 1 pun 5 2 shows the plot ten 
this see li uio 



Iiguie 5 2 Mixumim si stun tlnoughpul (( isc II) 


• Case III 

llus in iR sis is done foi the \ uiable numbei of RMIs plotted on the x ixis m Tigme 
5 4 One TMT is Associated to the AP md the liumbc i of RM Is is vine cl Thm plots 



Maximum Throughput (Mbps) Maximum Throughput (Mbps) 


hut been shown toi om two uul Unco usi i tonntctious 11k modulation srhctnc 
used is BPSK 3/1 for 1 CII and LCII PDU md G1 Q4.M 3/4 foi LCH I DU on the 

loiw ud 1ml Tin convention d lml his the most tuoinnu ndtd motlul ition s< Ukuks 
mt lit iom.il vbou 




As c in be seen fiom the y rplis the woist ctse is gnen by using BPSK 1/2 fot FC1I/SCH 
PDUs and 1G QAM 3/4 for LCII PDUs The lecommendod cast is to use BPSK 1/4 foi the 
rCII/SCIl PDUs mid 6 (QAM 1/1 lot tin LCII PDUs 
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5 2 Analysis of Oiganisational Inloi mation 

The pai mieteis mentioned m the section o 1 also appl} to the in ilysis of oigamsation al m 
loinntiun in i (h (1 1 Ik nsult is igun d( pc udt nt upon n^u ii , „ uni niau llusm ilysis 

his ban done m two puts the fust one giving a pictuic of oig mis ition il information in 
(Ik ( onvi nbon il senium md Hit mioikIoik it pit si tiling (lit lot uud link 

Organisational Information on the Conventional Link The equations 1 thiough G 
hue been used in the unlysis I lie oig mis lLioiul liilomi 1(1011 needed on the con 
lentioml lull ( OH c i ) can be calculated as below 

OH = I H + I 1 C II + I IK II +7 \( II 4 I II! 4 / I) I 
' ' 5(11) 

01 DM SyrnboH (17) 

Oi gams ition il Infonnation on the Forwai cling Link Tin cepi iLions 7 through 12 
li ivt lx (ii list d to unlyse (lit oigains ition il minim il ion needed on the loiwudmg 
link {OH 1 1 ) 1 hough the pu mute is ue the suue is m picvious else but the 

inodill 1(1011 md eexlei lie used ue elide i e n( 


on ( , 


OI-I( i + Luc a 1 1 1 ( a - 1 7 ue a + 1 \< a + Tin + l pi 

500 

OFDMSymbols (18) 


Graphical Results The analysis his been done with the pu mieteis listed m the Ta 
ble 5 3 I lie oigmis ition il inioun ition needtel on the convention il links have been 
plotted md shown in Tiguie 5 5 The gi iplis li ive been plotted for peieentage of oi 
gmisuliennl inioun ition on y i\is inel the nuuibu of MIs/I MTs on the x axis Tin 
plot is foi the woist case scenano assuming that each M 1 /FM1 w ill be served m e ich 
oi tlie MF with it leist one LCII PDU to be ti msnutteel m the both up and clown 
link phases Though m leal scenauos all Mis might not be served in eacli MF and 
this is depend mt upon the scheduling stulcgy used to ie solve ovciloadcd conditions 
The limits indicate the numbci of Mis that can be saved in one MF coirespondmg 
to the peieentage oveilioad roi instance on the convention d link m one MT 21 MTs 
with one connection each and being saved one LGB PDU m eithci dnection will 
have 72 % of the overall load used to organise the system 

In e ist of mg mis at mini inloim ition medal on (he torn ml lmk(ligme 5 0), the x 
ixis shows the nuuibu oi TMls assoented (o the AP and t uh FMT has one RMT 


l 
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] 1ms () I M Is imply 12 M Is issoo U(d (o ||k \P 1 Ik J M 1 Ins an ti ifli< ol lls own 
md is onh lumtioninj, is i foiwaulu 

libit r > 1 P u unt It is lm m^misiiion il mioi in it ton unlysis 


Pnnmeter 

Value 

Conventional Link Pirameteis 

Nunibti of RACH slots 

Foui 

Modulitum BCH PDU 

BPSK 1/2 (5 Ol DM Symbols) 

Modul ition ACII PDU 

BPSK 1/2 (I OFDM Symbols) 

Modulitum 1 C II PDU 

lb QAM 1/1 { 5 Ol DM Sy inbols) 

Modul ilion I C 11 PDU 

BPSK 1/2 (9 Ol DM Symbols) 

Modul it ion SC II PDU 

BPSK 1/2 (3 01 DM Symbols) 

Modul it ion IK II PDU 

BPSK 1/2 (3 OFDM Symbols) 

P1IY Ouilu id (Pk unblt) uu Uplink 

4 OFDM Symbols 

PI1Y Ovulu id (Pit unblt) mi Downlink 

2 01 DM Symbols 

Foiwmtl Link Pmanitlois 

Nuinlxi ol RAC1I slots 

Out 

Moduhtion I3CII PDU 

BPSK 1/2 (5 OFDM Symbols) 

Modul ition ACII PDU 

BPSK 1/2 (3 OrDM Symbols) 

Modul ition LCH PDU 

64 QAM 3/4 (2 OrDM Symbols) 

Moduhtion FCII PDU 

BPSK 3/4 (6 OFDM Symbols) 

Moduhtion SCII PDU 

BPSK 3/ 1 (2 01 DM Symbols) 

Moduhtion HC1I PDU 

BPSK 1/2 (3 01 DM Symbols) 

Plh Ouilu id (Pit unblt) m Uplink 

l 01 DM Symbols 

Pin Oveilic id (Pit unblt) in Downlink 

2 OFDM Symbols 


5 3 Piobability of PDU Loss 

IhoBif Him Rit< (131 R) on lh( i idiot Innml is dipt nduit npoulhi Gunn lolniukuiuc 
(C/I) i Uio it tin input ol tin utimi I lie same is applit idle to the HIP ERL AN/2 Cln.mcl 
In this si t turn tlu thcoictual uiluc ol Pxtkct Enoi R it< (PER) .s wh-blt R> the vinous 



Numbei of FiVJTs 


f lym 5 0 Oig uus ifcional nilonu ition on ion\ udmfe link 


PDUs, vis i vis piob ilnhtj of utois on the cliinwl Ins Inc n unhsul 1 he unlysis put vm 
only to Uh ioivaulmf, link Let the piobdbihty of losing i l’DU In p then the piolnbihty 
of iteming \ PDU comedy is given !>> (1 - p) 

r-BCII PDU J. In I BGII PDU on the fon\ aid link can gc I lost due to the loss of BCH 
xml 1 011 PDUs on the convention il link ind also due to Us own loss on flu fmw ucl 
link 


f 






GO 


The 1 BC H PDU 01101 1 ite P(F — BCHpoy) is give n In 


P(F-BCHp DU ) = l-[(l-p)‘] 


= 1 - [i -!>' h Ip* - Jp] 


= p 1 1- ip - ip 


( 19 ) 


F FCH PDU 1 lie F PC 11 PDU cm got lost in tin foiw aie! 1ml channel oi can also be 
lost due to the loss of 1 I3CII on the foiw ucling link mel the loss of BCII anti FCII 
on the eomenlionil 1ml Cileulating the F FCH PDU cum i ite 

P(F — FCHpdu) = l-[(l-p)'] 

= 1 — [1 — 4/i 1 -f O/i 1 — ip 2, + p 
= Ap - bp 2 + lp i - p 1 (20) 



1 LCII PDU I h< 1 LC II PDU e in get lost m the fonv nil link t h aunt 1 m due to the 
loss of F BCE I FCH BGH oi TC II Gikuhtmg the I 1CII PDU cnoi i he m i 

snmhi met liocl used abo\e 


P(F-LCHpdu) = 1-[(1-P) J 1 

= 1 - [-p + bp 1 - 10 1? + 10 l/P - bp + 1] 

» jZ-S/j' + lO/P-lt)/ I r >l> 


( 21 ) 
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Gi iphu il Results Usmk (hi dime tltiiud (quit ions i pi iplut il plot is shown m Fi^, 
me 5 3 lht rnoi piolnbihtj of losing PDUs in the chuiml is it pi (.sente cl on tin x 
ims uni (lie (oiuspomlmt c xlcuhted Pad et E1101 Rite is plotted on } xxis 

I( his been issinnid tint (lit piobibilify of cnoi on tin chuinel for all the PDUs is 
s mu 1 1 p 1 Ins is not the t ist in leal seen 11 10 what tlu p foi tith PDU will clepi ntl 
iilioii Hit C/I which is (hpenchiit upon tin nioclul ltion si lie me* and the ending i itc 
used to ti insnnt (Ik PDU| 17 ] 



Chaptei 6 


Implementation 


Ihe Inst uoil mg model of HIPERLAN/2 will be leidj at the he ginning of 2000 The need 
foi a lenwudu foi tins Insie mocUl \\ is kit vnd i puvlkl wml to develop i lonvucki 
wu> bt irttd simult im ousl> At this initial stages of the devclopnunt of the HIPERLAN/2 
SybUm, comp itibiht} of tin Hawn do with tint oi (hi lnsu modi Is of AP uid MT w is 
oiu of lh< in un (onsti unis 

With dl tins m nnud it u is dmdtd to hist dovdop uul miRse llu Imwuelei in its most 
Insit (oi in uul lints flu I Ml (onluillul ( ova pi w is (host n Suit t llu 1111*1 HI AN/2 
SysUm is const mil} nnpioud upon with idchtions uid deletions to the specific xtions of 
the snne tlnsbisie model of the ronvudu can also be nnpioud upon simultaneously This 
section cemis (he unpluiunted sjstem in buef and discusses tin details of implement ition 
of i FMI eont lolled eoncept of foiw aiding 


6 1 HIPERLAN/2 System 

Ihe implemented HIPER LAN/2 snnuhtoi Ins been wntten m the S}stem Descnption Lan 
gvngc (SDL) The highest level of the s> stem diagram shows fi\c binds the blocl SintCon 


hoi the blocks Ml AT l Ml uid the (humid (hgme 0 1) Viheie is then will hi only 
one mst met of (he block SimContiol and the block Channel it my tune time might be 
multiple lust uitts of tlu bloeks Aeeess Point (AP), Mobile leinmul (Mi) oi lenuuduig 
Mobile le imin, il (1 Ml), depending upon the muiibci oi Mis l Mis uid the APs m the 
nctwoik Diery AP MT and FMT in the simulition is lepiesnited by one block of the 
respective t}pe ihe bloeks oi AP Ml uid the. Glimnel wen dewloped and malysod with 
simulations m othci thesis of the HIPERLAN/2 Gioup at this eh in (Refer [30] and [11]) 

In tins thesis the snnuhtoi was redesigned to include i forruude. The MAC layer of an 
AP md a MT was icused to handle all the phjsical modes mentioned in the specifxcatiorib 
possible All othei latest dnrrgcs in the specific it.ons worn also implemented A new t. xfhc 
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M “ U ll(H ' ' in,>1( ()l f'nmliii, (hllu.nl l\i»,sc)| ti (III. it v Hums louls wis mligiulul m 
lo the sninil it 01 Ntussuv climbs we k nude m the L1101 Coniiol (LC) block to luiidle 
IlitH h .flu g< lie i tf oi I Ik MAC 1 1\< i w is lull In i ( Mended lo him lion is 1 1 Ml 

llu follow m t subset turns bung out the implement ition dc 1 ills ol each of the constituents 
mil subeonstiluenls 



Pigmc G 1 System envnonmeut in SDL 


6 11 Block Simulation Control 

1 he bloek Simulation Contiol is the heart of the whole sjstcm 1 he main tasks of the 
SmiContiol ue the mid ill/ ition, eonliol mil (lie mention ol I Ik siinuhtion At stut up 
til AP mil MX /I Ml blocks leystei to the SmiContiol who the n distubutes unique AP 
and Mobil< IDs Ol lie l pu uncle is specific lo I lie smiulitioii lo be mculed ui u id bom 
the dt fault jil< s using (lie lUad D< fault jmkagt u ul tbl< in in lnluml chss libi uy e tiled 
SIMCO |1] All these dehult files and the pnameteis letcl tie shown in table G 1 Among 
these p u une Ic is m loi msl tin < llu nuinbei ol Access Point Ji msetiveis (APIs) pei APC, 
the nmnbci of associated MTs/rMTs m the system the numbu of data connections and 
their lcspectne clftt t lates etc The use of dcfiult files in the SDL allows to uin diffcient 
simulation scenanos with the suae compiled \eision of the piogi un 
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0 12 Block Channel 

The ( isk of the block Channel is to ti msfei and bioidcast the sigmls fiom the AP to the 
Mis/I Mis induce wist Atstulup it, APT cic ites one Ch umel instance plvymgthe 
zoic of i , uho cell All MIs/FMIs then ug.stu to one of these i echo cells Dunn, the 
smmhdon the plnsu il hui of the lespcet.w MT/FMT keeps updating its position with 
the chnmc 1 oi we e in s i\ m the i idio cell When a handovei t il e s place or while se inning 
motlui lieque m\ the MI will chmgethe seivmg eh umel mst met Ihc chunicl bioielc ists 
the icecntd sigmls to osuj entity in a i idio cell 

6 13 Block AP/MT/FMT 

The blocks AP and M1/FM1 die fuitlu subdivided into foui sub blocks that i epic sent 
the OSI 1 ljens 1 (Pin ) lijcu 2 (DLC) imimgei mil i Ti illie Ccuuitoi Theminigei 
hus tin onl) t tsk of mill ih/ing the Ml/AP When mitnted In the SnnCoutiol the Ml 
in in ige l e in Uso lesel (he MJ7 In uifoumng all bloel s of tins M 1 to set ill pu imoteis to 
t lu n nut ml v dues 


6 14 Sub-Block PHY 

BkPII\ it pu scuts i Pin sic il layu of the OSI model The Physic il layer contains a piocess 
foi sending and i process fox leceiving The Phj managei gets mtoimation hi e the position 
sending power tnd ueeiung sensitivity fiom the hie PhyDifmiUI isl (Tible 6 1 MT mobility 
is ussmed In xUnbutmg vn nut ul position i moving dnee t ion met the speed to e ich MI 
The phjsic il model tint is applied foi this HIPERLAN/2 snniil dot can be found m [30] 

6 15 Traffic Goneiaioi 

Ihc Ti alhc Genu vtoi is a SDL lool developed at the Institute [25], which can geneiate all 
typts ol tnilhe and \ umqut output loutnt (ox (ten suutee l\pe I lie output loiiinl is 
bused on l lit usu s clem uul eg (he usu might ne cel the genu it id ti ifhe m snnllei jnekets 
us uquucd lot ATM Vinous mst mu sol t lie Constant Bit Bah (Cllli), Poisson uul VkUo 
tmJIu Homuh uui In in mil, lined togemiile lullu il vuynig lends 1 lie output loinnt 
consists of the ouginilmg tunc senal number md tlu length ol the picket The nsei c m 
unlit use of (lust m the uni} sis 


6 16 DLC Layer 

I he DIC block combines (he him hoiulitns of the MAC tlu HI ( uiel the IGsubhyeis 
Besides (hue lie bloel s foi the Seheelulci md iDLCniniagci 



1 lgme 0 2 11k DLC 1 ijn m SD1 


The DLC nningu is vgam lesponsible only for the lmlnli/ 1 lion of this layex Fuithei 
it collects and udistulmUs Piocess IDs (PIDs) in the DLC live 1 so that conununicition 
between chile ic ill pioecsses is listu Lull sub block consists ol one manage! piocess and 
one oi se\ei il sub laui mstnices Especially on the AP side time might be moie than one 
ol these sub lvjcr mst uiecs So foi eveij simulated APT one MA.G uid one PHY instance 
will be eieat eel, u> well as one sdiedulei instance The RLC mst nice on the MT/FMT side 
will lind its pcei entitj eieitcd on the AP side and foi e\eij eoimution that is built up by 
tlu RLC, one EC and one tiaffic gcneintoi souice instance vie cu ited 

Hit MAC ltyci, llul wissubjcd ol uiollui thesis U this dim |11|, was ulipttd md 
mtegnted into this IIIPLRLAN/2 snnuhtoi lhc EC block is only implemented m v le 
nine Ic cl wh\, i e clnt n use i uiiiiKc lions might lx hi I up mil n Ic isi d hut no ARQ is ug uele d 
Even the III C Block is unplcmciitid m t smuiu niuinu It v\ is mtlysed m detail wiLlnn 
the othc i thesis at this ch in [30j As strategj foi the schedule l tlu n on uhausiwe variant of 
the Round Rohm method Ins been chosen foi simulations The ic suits are lecouled tlnough 
v tool developed and build mto piocess LRE evaluation [20] 

Del vult pu vmotcis cspocnllj those tint configmo the AP md the MT/TMT, ue lead 
out ol chile ie nt files lhue aie five such lists The SDL blocks SimCoutiol Clnimel 



Physical li>d and DI C Lnu use these lists 


1 ibk 6 1 Dtfiult jni uueteis 


pName of the List 
r GiDil tultl ist 


PhyDihullI ist 


MAC tie I mill ist 
St t n uioDe i uiltl ist 


bnnC outiolDc i mil List 


Item 

opet it lie epic nt> 

ittonu \tion fictoi 
noise powci 


lecciung sensitn it> 
st neling ])ow( i in elBin 
SWlllll loi (1101 
mill il loc ition 

nnti il lac it ion 

speed m |kmph| 

liioung eliuction 

PfR Llile 

Pin sit il Moths loi l M)Us 

P u line 1 1 is ioi Snniil it ion 

Pit uate 

M pc of ll llllt 

Select Simnlxtion Sun mo 

lniinbet of APTs 

niinibe l of MTs 

MAG Ids to Ml 

lnnnboi of connections pn Ml 


Valid ity 

API 

APT 

APT 


System 


MI inel API 


Svstcm 


APT 


Ml 


Ml 




st e 111 


API mil Ml 


System 


S>stem 

System 

System 

APG 

APT 

API mil MT 
'“APT~md Mf 
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0 2 Implementation ol the Foiwauloi 

Blotl 1 Ml i uius out tin function of a Forw udei besides ac titiq ilso as a normal MT Like 
ot lit i MIL BloiklMl ilso Ins loin Sub Blocks u pic suiting Plqsiial layu DLCliyu a 
M unm mil i B illu C t in i it oi I Ik stun tun ol Sub Blocl lil 1 Il\ uni li iffu C cun itoi 
u< siiml u to tlu ot liu Mis I hi M m !{.,( ist isl is iguu to niitnhsc all the Sub Bloc Is 
except tint it knows tint it Ins to ut is i Rh v\ u doi uul thus will expect issoci ition ficrni 
KM Is Mils linn lunnhh is c micd out by tin Simulation Contiol Foiwuding involves 
onlj tin MAC 1 im l the it Ion Sub Blocl blcDLG is cliffcic ut with an additional block in 
likloiw uiln L\upt bkLC uul bl RLC the functions ol ill other Sub Sub blocks aie 
child cut Ihtsc nn|oi ililloicnccs will be explained in subsequent sutions 



2 1 Sub-Block bkFMT-MAC 


he MAC !n>u ol the FM1 Ins to «» out the Uditioiial tis, ot to— daU. o the 
Mft On opt lal ion of font unlink mvoho, const, net, on ot i M Sul> ' ’ 

mat, cue,, to of ,1ns SP hue nhcady been explained » Scion « 1 *■ 

1C I Ml pukH up dun pc if lining to U1 the BMTs xssomUd wd ' lfc ul( ^ 
uh Bhith hkloisstudn Mine it is stolid in a ,ue»c tempo, u,H io, tnlthu 
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In the SF s F DL Ph ise the chit i stoicd m tins quc ue is ionv iide d to RMTs uid siniil ulj 
m the r UL Plnse cl it i fioin RMTs (111c mt for AP) is collected uid once igun stoicd m 
the cpicnc Ihis UL d it i fiom the queue is loiwaidcd to the AP m the appiopnate slots of 
the MAC Fiame 



Figuie 6 4 Sub Block bkFMT MAC 


0 2 2 Sub-Block bkScheduler 

1 he Sub Block bkSdudulu Ins (hut chlUicut ptoeesscs m M in igu SdudulaMl unit lie 
Scheduloi, as shown in the Figuie 6 5 The Manigei diffuentntcs between signals ineuit 
ioi othu two pioccsscs (plSdudula uid ptSchcduluMI) uid thus is ju&t i muter of the 
sign \ls 

Process Type SchedulerMT 

I lie function of ptSduduluMr is similai to that ol a ptSclic chili iMI ol a noiinal MT It 
ids on the Re some c Request fiom the Sub Block bkFoiwaidci and pines this leejucst with 
the AP flu Resouitc Rcciuest includes lecpiest foi FMT s own UL data UL data foi the 
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Tiguie G 5 Sub Block bkSchedule 1 

RMT s and also the lequest foi the SF In case of no lesouioes gi mted the lequest is sent 
thiough RACK 

Process Type Scheduler 

It lets is i Schedule i foi tlu SI Scheduling is done bised on the Rosotuct lit tint st loi 
I DL md 1 UL Ph uses md ui> RCP icqucsts 1 ho Scheduling is ole out se it stuc ted by the 
ichouiees gnute el loi tlu SI Avo elifltie nl se he duluig se hemes hue hten adopted, muni ly 
Lxlniustive Round Rohm md Non Lxhaustivc Round Rohm [11 j 

G 2 3 Sub-Block bkForwarder 

This is tlu most nnpoit mt Sub Block ol the 1 MT see Tiguie (6 6) As the name suggests it 
is invoiced in loiwaiehng of the diti One instance euh ol blcFouv ud is genei Red foi eidi 
Use i C oi mt c t ion to the R\ 1 1 s 1 u h ol 1 lie si nisi nuts in mil uu m U L md i UL Que uc 
foi tlu diti tint Ins to be tonvuded m eitliu dnection is suggested by the name ol the 
Queue Hit lunt turns ol this subblock uc listed below 
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Tiguie 6 6 Sub Block bkFoiwdrclti 
• Resource Requests 

It compiles and updates vauous Resouice Requests needed loi the functioning of the 
FMT Hit sc lit summaiistd is below 

- 1' DL Request 

F DL it quest is foi the T DL Phase i e cl it a tint Ins to be forwaided fiom 
tin AP to (lit RMJ. It is Instil on (lit d il v stoic tl in tlu DL Queues m the 
lespeetive instance ol Piocess type ptroiwaid 

- F UL Request 

I UI Ph isc lonospomls to this uqmsl md is b isul on 1 lit lUsouui Rc que st 
suit In tlu Rklls 

- Own UL Request 

Hie itqutst is eompiled hom UL d ill m tlu IMi lnghei layci (Sub Block 
bkEC) that is waiting to be sent to the AP This will exist if the FMT is also 
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functioning is a lioinnl KIT 
- RMT UL Request 

This is tlu data that lias been stoicd in the UL Quuk s in the respective ptFoi 
ward and has to be forwarded to the AP 


• Data Queues 

As expluneel dune e uli nisi met m mil mis in UL incl i 1)L Queue wheie flit el it i 
is stoicd tempoi udj till the time it is foiwaided An important issue here is the 
length of these cpieucs which requne liienioi} spice in the haidwaie Analysis has 
also been done for this and is discussed in one of the following chapters 


Chapter 7 


Simulations and Results 


The simul itions vue c unid out m the HIPERLAN/2 Sunul vtoi il this eh m This eh iptei 
discusses \aiious snnuhtion scenanos adopted and the analysis bised on the results hom 
these simulations The analysis is then compared with the theou tic rl results in. the pievious 
chaptei 

The simulations weie aimed at the following 

• Check ( ml to end Cell D< 1 p < \p< iu mid fiom t lit AP lo HM T 

• Veufy m i\imum System Throughput 

• An llyse System llnoughput vis i vis Sj stem Loul 

• Analyse the Packet Eiroi Rate on the enoneous channel 

• Vilify sj stun st dull ty on m cn onions diuinel 

The puiposc of the simul it ions wis to judgi 

• Quilitj ofSeiMie 

• Efhcieney of the system (Piotocols adopted) 

• Vmlic ition of thioutu il unlysis 

The mam piupose of the simulations was to verify the conic t functioning of a forwnder 
and mil) se it ioi pufoimancc valuation Theie weie tliiee main scenarios adopted namely 


• Validation Simulation Scenario 

flu pm pose of this simul ition w is to vdiditi count I mu turning ol a FMf is t 
noninl MT Tin lesults have been eompaie.il with those in the othei thesis [llj 
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• Network Simulation Scenario 

4.s the name suggests this scenario is aimed to verify the correct functioning of a 
FMT m a network in one radio cell The network consists of an AP one to six FMTs 
and one to six RMTs 

• High Load Simulations , 

In this scenario the simulations m the previous case weie lepeated to handle high 
loads The aim was sjstem stability on higher loads The sjstem set up is the same 
as m the previous scenario 

7 1 Validation Simulation Scenario 

The sjstem was established with one APT one FMT associated to the AP and one RMT 
further associated to the FMT as shown in Figure 7 1 



Figure 7 1 Validation simulation scenario system setup 


Purpose The simulations were done to check compatibility of the FMT with the AP and 
the MT specifications and thus verify the correct functioning of FMT as a normal 
MT 

Parameters The vanous parameter^ involved m the validation scenario are tabulated m 
Table 7 1 

Results The parameter compared was the mean cell delay The graphs show the plot of 
the distribution function of the cell delay Figure 7 2 has been taken from the thesis 
on the MAC layer [11] The corresponding plots from this simulations are shown in 
Figure 7 3 The exact nature of the graphs and the almost same mean cell delay 
confirm the compatibility and the option to use a FMT as a normal MT 
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i ibl( 7 1 Vilid it ion sunul it ion sc ( n u io p u iiik l< is 


Parameter 

Value 

Nctwoik Setup 

1 AP 2 Mis uul 1 PMT 

Use i Comud urn 

()m ( ouiu ( lion (o i m h l M 1 mul M i 


lm both Uplinl md Downlink 

Numbt r of hops 

One 

Numbei of RACK slots 

Porn 

Modulation BCH PDU 

BPSK 1/2 (5 01 DM Symbols) 

Modulation ACH PDU 

BPSK 1/2 (3 OrDM Symbols) 

Modulation LCH PDU 

16 QAM 3/1(1 OPDM Symbols) 

Modul ition PCH PDU 

BPSK 1/2 (9 OrDM Symbols) 

Modulation SCH PDU 

BPSK 1/2 (3 OFDM Symbols) 

Modulation RCH PDU 

BPSK 1/2 (3 OFDM Symbols) 

PH\ Oveihead (Pieamble) in Uplink 

4 OFDM Sy mbols 

PHY 0\ ci head (Ptc imble) in Downlink 

2 OPDM Symbols 

Scheduling Si utegy 

Round Robin Non Palmist iu 

System Load 

1 Mbps to 25 Mbps 

Type of li vlhe 

GBR, Poisson uul Video 

Channel enor 

None 


i 


0 1 


0001 


0000 ) 



fi^uic 7 2 Mean cell delay in other tlusis [11] 
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7 2 Netwoik Simulation Scenano 

The netwoil simulation scenano was the most basic simulation done with the system es 
tablislied with one APT one to six FMTs and one to six RMfs issociated to the AP Each 
FMT had one RMT associated to it 

The simulations \mk ehaieled into tlnee puts to uulj u 11 di 1 ij tluoughput uul the 
Packet Eli or Rate (PER) All these have been piesented m the succeeding sections Some 
of the important points uul parameters pci taming to tin sunulitions ue listed below 

Purpose The sunulitions were done to venfy the concct fuiu turning of FMT as a for 
w u dei and to analjse the points mentioned it tlu beginning of this chapter 

Method A 1\1T was placed at a large distance out of range of the AP This MT acted 
is a RMT and was associated to the TMT The PMT foiw udtd data to the RMT 
Both 1 Ml uul RMT hid one usu connection eul) 

Parameteis The aanous paiameteis involved in the simulations aie tabulated m Table 
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7 2 1 Mean Cell Delay 

The system set up foi measunng the mean cell delay is shown m Figme 7 4 




AP ACUSh POINT 
I Ml IORWARDINC MORIN II RMINAI 
RMI RIMOII MORIN It RMINAI 

Figure 7 4 System setup for mean cell d< 1 ly 

Two models of tlu system weic piepaieel and simulated Tin model developed initially 
w \s the most lohust but 1 uked m peifonnunc lhe uu ui ee 11 ddiy cxpci iuLcetl(hom 
RMI to an AP) w is not nnpiessne uul tluieloie the sieoiul model was designed 
with 1 1 lew to mipiovc this delay The elcsign vines emh ui the sti alcgy adopted m 
h mdling of the Resource Request(RR) at the FMT 






I il>!< 7 2 Smuil llinn I u mu l( is 


Parameter 

Value 

Nctvoik Setup 

1 \P 1 C JAM Is uid 1 G RMTs 

Usci Connection 

Out connection to cich f MT uid RMI 
foi both Uplmk uid Downlink 

Nuniln i ol hops 

Out 

Conventional Link Parameters 

Numb u of RACH slots 

Foui 

Modulation BCII PDU 

Modulation ACH PDU 

Modulition LCII PDU 

Modul ilion TCII PDU 

Modulition SCI! PDU 

Modul ihon PCII PDU 

BPSK 1/2 (5 01 DM Symbols) 

BPSK 1/2 (3 OFDM Symbols) 

1C QAM 3/4 {) Ol DM Symbols) 

BPSK 1/2 (9 01 DM Symbols) 

BPSK 1/2 (3 Oh DM Symbols) 

BPSK 1/2 (3 01 DM Symbols) 

PHY Ovuhcul (Pk liable) mi Uplink 
PII\ 0\ a head (Pit miblc) mi Downlink 
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( | I j. RK I KM I 


RR I RMT 



Rt I ir \P P k I I RMT RK I RM r UL. 

I Al 


I k I I w I di \P 


Isl I run 


2ml I run 


Sid I r mi 


dll Prim 


LI ( LND 

*- M n in m of Du P k l 
*“ Compiling, AUmn 


i {-> 1 1 1 < 7 7 I ml i tl s^sle m dt sign 


Initial System Design 

The initial design followed the stiategy that the FMT/RMI must finish all the necessity 
compiling routines foi the cunent frame at the end of the BC phase This implies that 
the TMT/MT should compile the RR iequned foi the next MI Once the downlink pluse 
stmts only the polling of appiopmtc PDUs m the MF is done lln necessity actions md 
the seciuenee of cienls is highlighted m Figuie 7 5 In the Inst MF the RR fioni a RMT 
leaches the FMT Aftei lecening the BC pluse m the 2nd MI the TMT then compiles 
the combined (own RR plus RR foi MAC SubFiame) RR This RR is sent to the AP m the 
2nd Mr itself The RGs foi the Sr is thus done in 3id MF B iscd on this RG a FMT is 
able to transmit a SF md a leceives data packets in the F UL phase fiom the RMT The 
1 MT foi wilds these d it i p ukc ts to tin AP in the llli Mr llu (oinpkmcnluy distribution 
function lot the mem cell del ly is shown m Figuics 7 7 md 7 C 

T lu h suits show tint ipukd Iioui i KM I (ikes ipptoxim Ut ly tluu and i lull Mis 
to mull an AP and I ilws about two Mis m llu down liul dim turn llu usults (oi both 
up link mil down link on the convention il link between m AP mil iFMT, wue compiled 
with th it ol tlu tlusis on MAC li>u done i ulm jllj I lu it suits wue lduilie il to the 
icsults m tlu reiucuced thesis and this validates tlu option to use i TMT like a 116 n 1 .nl 
MT 

Impiovcd System Design 

X lie mini um of this design w is to uduce the me in cell ckln fiom i RMT to an AP 
I lgmi 7 b i\pl mis tlu n duct ion of one MT loi llu diti to u uh m AP as complied to 
the pituous design Iile in the picuous ease, the RR fiom i RMT inches the FMT m 
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Finnic 7 6 Moan coll doliy m Liu clown link oh isc 



Finnic 7 7 Mian ull delay m the uplink plntst 


the SF of the 1st Ml But instead of compiling the RR foi the nc \t SF it the beginning of 
the next Ml, the 1M1 now does this weak U the eueloltlie sum SI Willi this action tin 
1 Ml is ul ilt to he net the RR ten llu next Si m the 1st ML itsdl 1 he muuiung ic Lions uc 
e aim el out m the 2nd md hd Ml llius m tins elesiju the u lions ol 1st met 2nd Mis ol 
pitvious design ait combined into one Ml i e, 1st Ml 

POISSON Load The lesults fiom this design up shown m 1 lgutcs 7 10 md 7 9 

VIDTO I o ill llu system wis Use> subject to llu vnleo t\p« ol li dhc 1 U>lc 7 Hugh 
light the th\i net instics of the video load Results horn tins simulation aie shown m 
Figmes 7 11 md 7 12 
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Compiling RRfor SF Compiling RR lor RMT UL 



RR Trum RMI RR lor SI l tcka From RMT RR lor RM I UL Picket Forw mlal to AP 

to AP to AP 

1st Fiamc 2nd Fiamc 3id Fume 


LLGLND 


Movement ol D U i P ickcts 

*- Compiling, Action 

Fiyuc 7 8 Impioied sjstem design 



riguie 7 9 Cell clelaj distubution in downlink plnst POISSON load 


( onuntl mil Up I Ink (I Ml VI J 




IT ) 


Figuie 7 10 Cell deli} distubution m uplink plnsi POISSON loul 


7 2 2 Throughput Simulations 


Two scenmos weie consideied to mensuie simulated tluoughput Scenano I is shown m 
I iguic 7 13 Six TMTs me tssouilid lo the AP md ouli TM 1 h is <»u essocnltd RMT, 









81 


thus then uc tot il of 12 Mis (TMls uid RlMTs) issue 1 vied to the \P Finnic 7 11 slums 
the secnuioll with out A.P one FMI uul 1 1 RMTs issociiled to the FMT The FMT 
uid its issoci he'd RMls constitute i sul> netvoil lliis scenuio w is consideieel to judge 
the ptifoinnnee of i FMI in x sub lie tw oil 

1 idle 7 3 Pu mie Ins foi Video Lo id 


Parameter 

Value 

I o id 

A l r > uid 21 Mbps 

Numbei of pictuus per second 

25 

Resolution of pictme (io\\s*columns) 

320*240 pi\e Is 

Numbei of bits pel pixel 

24 

Coding 

MPLG 


X he puimcteis used m this simulxtion uc the sune is listed m libit 7 2 The system 
was configui tel to am at vxnous sy stem loads fiom 1 to 2o Mbps The simulations wae 
divided mto (line puts 


• System thiougbput vs sjslem load 




riguie 7 12 Cell delay distubuUon in uplink ph is* VIDEO load 
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Fiyuc 7 13 S Wem setup foi network snnulxtion seuiuio Scenario I 



riguie 7 14 System setup foi netwoik simulation seen mo Scenano II 

• Venficilion of maximum system throughput 

• Ailed ol nun tsmg sWun load on tin me ui te 11 del ry 

• System throughput vs System Load 

the simul itions it each system load weie done over i period of 10 seconds (5000 MAC 
H imes) lhe totd number of LCH PDUs transmitted and received at e icli teimmil 
were noted Throughput w is thus e ilcuhted foi diffcicnt lends The nunibet ofFMTs 
md RM Ls w is also \ uud horn 1 to 0 

Tigim 7 15 shows i pi iph plotted foi the system throughput vcisus the system lend 
loi i chile mil nuinbei of 1 Mis On the \ axis is the system load anel the result urt 
simul ilcd throughput is plotted on the y axis The graph is lineal till the tune the 
system is not oiciloadcel Thereafter any furtliei increase in the load results in eon 
stmt throughput Tin simulated thioughpu! is less thin the system lord it cun 











Throughput (Mbps) 
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point be t uisc ot tilt ouiht ids m the LCH PDU As { u is lo id is concerned i LCH 
PDU Ins 51 biles \\ In 1 o is out of this the useful piyloul is only 48 bytes 



I oi instinct m Hit else iilien only one FMT and one RMP is associated to the AP 
system tluoughput mcicises till 28 Mbps and is const mt thcieaftei The lesult is 
dso depend ml upon the scheduling stutegy used If the queues ne illowcd to keep 
building ns the ti ifiie horn (he usei is flowing continuously the system will run till 
tlu time the queue bulfeis me full and thus urn out of nunioiy This will lesult m 
i inert esmg etll deity as the seiviee wilting penod toi tlu ]nelcts m the queues is 
vuy long Ilu system belnviom is unspecified fiom hen on It c ui only lie let pi m 
hound UK s (onsitle tmg some QoS p u uiine It is eh seulie el m See (ion 7 3 

• Mtxnmim Ihioughput 

Ilu simuhtioiis dso dlou calculation of a maximum system tluoughput at clifluent 
lends md foi \ ming liumbei of 1 Mis This Ins been shown in Tigme 7 16 Ihe 
gi iph is plotted tilth the liumbei of PMTs on tlu x ixis md the maximum system 
tluoughput on tin y ms A eombiintion of one FM1 uul one RM1 gives tlu max 
mmm tluoughput of appiox 28 Mbps and the minimum of approximate ly 7 Mbps 
K suits f loin i eombiintion of G TMIs in Tiguie 7 13 Hu nnxm.um th.ouglipnt 
tan dso be seen horn Figmc 7 15 wheie its value is lopnsentecl by the point when 
the tune stops mac using and turns paiellel to the x axis This simulated lesult has 
also been compute! mth the theoretical tluoughput (lefei Tigim 5 3) The ehficieme 
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lutwailtlu tluoutu ll uul Ul( Sllliul it ( (1 1( suit IS vm MU ill !)( ( UlM lll( till Oil 1 1< ll 
c Ucul ltions do not t il c into iccount the icccss to tin 11 A.G1I and also the possi 
blc collisions winch cm cause dcliy m sending lisomce ie quest to the AP Also it 
pc d lend ill tin Mis liny not ^ct suviu. in c uli li un< uul thus tin icccss to the 
RAGII increases The diffcionee shown m the fi^mo Ins been slightlj me lease el to 
thllt mill lit In hu < n tin I wo t m vt s 




Cell Delay vs System Lend 
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liguics 7 18 uid 7 19 show giaphs plotted foi the meui c 1 11 delay between an AP 
md i RM 1 on tlx y i\is igunst tlx sysle m lo id on \ mis 1 lit lm in illicitly is 
const mt till tin time the system is not oveiloaded Bcvnid the peil lend tin tell 
dc 1 ly stirts me ic ismg without my limits At tins st ige tlx length of tin clitl queues 
lit ( ]is mt it ising is (lit li iflit iioni the ust i is still flowing Hit dil i pul ( Is ll IM 
now lnvc to wilt till tin tune the j ut stinted Suite the tlnoughput lstonstmt 
tin w tiling ixiiod loi (lit alls ttmfmut to nitit ist till (lit queue his no tnoic pi ice 
foi buffering the mcoinmg packets The system will eitlm stut discarding patktts 
fiom lieie on oi will lime an unspecified behiviom Tht gi iplis have been shown foi 
vunng lmmbci of PMTs (fiom out to six with cadi h ivmg one RMT) 



7 3 Higliload Simulations 


It has been highlighted m the previous section that the system bth wes is expected fill the 
time it it ichcs the pc il lend Beyond tins point wt got unutcpUblc itsulfs md some 
sti itegy h is to be ulopted to conliol and thus specify the system behaviour In this thesis 

two students weie adopted to h indie high loads 




Limited Data Queue Length 

The cl ita queues will accept tiafiic from the usei 

waiting to be suvieccl as specified m the system 


till i limited numbei of packets nc 
Once the le ugtli of tlx queue u ulus 



SG 



l lie specified \ Uuc mil when incwpuket lsiettnecl the pielettobe suvictel next 
is discarded fioin the queue and the new packet is lecepted Thus it any given time 
(he h ngth of t he epie ue is h\< d mil < out uns I hi niiisl me nils it 1 1 lie el puke Is lioiu 
(he usci 

• Limited Seivice Waiting Period 

The second sti itegy adopted was to limit the seivice w utmg penod in the ciueue 
When a new picket nirives and if the packet to be semi c d next lias alii idy waited 
beyond the sciucc tune specified it is disc aided fioin the epic uo and the newly anivecl 
pacl ct is accepted 

Tlu si stem w is modified tot both the stiategus uid llu simul it urns were tope iteel twie e 
In one cise the queue lengths weie him tccl to ha\e 50 data paeke ts it any time aceoichiig to 
the first strategy Foi the second sti itegy the maximum allow ible seivice waiting penod 
was fixed at 15 ms The lesults of both the stiategies followed a sunilai pattern though the 
lesult m( vilucs uc chile lent 1 hcic foie only the ie suits of (hi si conel shite gy h ive been 
picseutcd licie 

• System Throughput versus System Load 

1 he gi iph in 1 iguie 7 20 is plotted with system I luoughpul on \ ixis uul system 
lo id on y axis llu plot shows six cuives one each fox m mtieasmg number ofTMTs 
(bom 1 to G) with e it h TM1 lining one RMT issue nl id lo it The tlnoughpnt 



Throughput (Mbps) Mean Throughput (Mbps) 
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nidi is< s lint ul\ I ill (In ]h il< loul A iiv luiilui hum is< in s\ shin ltntl itsiills in 
const uil throughput 



1 I Ml 

2 bM 1 s 

31Mls 

4 FMTs 

5 FMTs 

6 I M 1 s 


35 
30 

25 
20 
15 
10 
5 

5 10 15 20 25 30 35 40 

System Load (Mbps) 

Tiguie 7 21 Sj stun load vs system throughput Set n mo II 
• Me ui Cell Del ly 

There was a tumeudous affect on the mean cell dcliy due to the now sti vtogy The 
lcsulls nit shown m Tiguie 7 22 and 7 23 lhe tlehj is constnnt till the peak load 
uul nit leases lo i const uil \ilut But vltxlionu high lend the d< 1 n st uts i< tint mg 
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• C< 11 1 oss 

T h< ( ( 11 loss w ill nit k \s( when (lie sysle m In id is lx youd (Ik pi il lo id I Ik sunn 
hi ion itsull foi the cell loss igunst the system lend is plotted m tig,uic 7 21 lhe 
sy sU in load is plot t( d oil \ i\is md tho pon lit ige c ( 11 loss is plotti d on y i\is The 
loss is /t io till t h< ]>c il lo id uul me u isi s e ousuk i d>l\ beyond tint At sy st t m lo id 
gnater than the pe ik lo id the tinoughput ol tin system n lilies its in iMinuin \ due 
uul thus the se nice w tiling penoel ol the d it i p tel e Is me le ise 11ns ltsulls m moic 
and moie loss m the eells fiom tho ciupup 



• PDU Error Rate 

The list set of sinmhtions weie clone to icafy the stilnhly of the syste m em ui 
enoneous clnnnel Enois weie mtioduced em the ehuuiel mel the eoiicsponelnig 
losses in tin PDlls weie noted 1 he syste in w is si dile undu these t omlilions 


7 4 Second Hop Relay 

lhe system w vs fuithei modified foi functioning on multiple hops The thingos in the 
smiul it ion ( onliol n u hide d the issue l it ion ol se e onel hop I M Is I he sy sit m \\ is e st ihhslie el 
is shown m 1 lguie? 7 25 lhe smiul ilions wie done foi both poisson md vieleo ti ifhe lhe 
complement in chstnbution function foi the cell eleliy is shown m Figiut 7 20 



( )D 


90 










Chapter 8 

Conclusion and Outlook 


In this mastci thesis the HIPERLAN/2 MAG Piotocol wis extended to function as i loi 
waider based on the time dialing concept Ihe HIPERLAN/2 snnulatoi was revised to 
include the foiwaidei and was then analysed foi perfonnance tv iluition 


8 1 Conclusion 

An mtiodiK lion to IIk IIIPTRI AN/2 syshm v\ is ntttss u\ lo unddsUml the piopost lot 
waiding concept foi the HIPERLAN/2 system This included the genetal aidntectuic of 
HIPERLAN/2 system and its service model The function llity of t ach layer of the piotocol 
stack as given in the HIPDRLAN/2 standaid was explained Ihe implemented HIPER 

LAN/2 simulator was developed in SDL A short introduction to this developing language 
and its developing tool (SD1) was piesentcd The simuhtoi is tnoduln m constiuction with 
each layei oi sublayer being repiesented bj seperate block/sub block An overall picture of 
the simuhtoi stiuctme md the ti iffic flow Ins bun picstnUd m Appendix A 

Theie wcie multiple options avaihble to implement a foiwaidei in HIPEIlLAN/2 such 
as frecpiency based, tune based and a combnntion of ficciucncv md time based All these 
options weic looked into The m ijor constiaints m choosing and option wis the compatibility 
of the implemented foiwaidei with that of the existing HIPERL YN/2 snnulatoi Keeping m 
view the HIPERLAN/2 Specifications of an AP and a MT and the compatibility lestnctions 
the time based fonvudmg wis chosen The implement it ion included tlu i c vision of (he 

snnulatoi to include l foiwarder Besides implementing a foiw uder some modifications 
weie also done m the AP and the MT Both weie made oomph mt to the latest HIPERLAN/2 
Specifications Ihe sj stun was mipioved upon by inclusion of lx ttu tools m tiafhc gcnei atoi 
and the Disciete Logiitlnmc Evaluation (DLRE) 

The concept was massed theoieticallj and compared to the u suits obtained from the 
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Hiinul Uioiih flout ni (lit simiil iloj In j 1 1 ill\ onl\ oik hop \\ is i onsule o i! but lull i (hi s^slt in 
was modified foi multiple hops It is seen hom the lesults tli il tlieie is an additional cell 

delay of nppioxnn lie 1\ 2 iiih (oik MAC 1 1 iiik (Ml )) loi < \<i\ luiw nduig hop 1 Ins is as 
expected because the dxta has to tiavel on the additional hop which takes one fiame ihc 
mean coll delay can be leduted fm the i but not without suiifiemg the dyinime stiuctuie of 
the Ml If it cm be cnsuicd tint the uphill phase loi the RMi is illocitcd iftei the uplink 
phase for the FMT then the data can be made to covei an exti i hop in the same MF Tlieie 

is reduction in the maximum system thioughput with ever} FMT in the network This is 
because of the Foiw mhng Bioadcast (F BC) plnsc tint Ins in It uisuutted ip, nil foi I Ik 
associated RMTs The situition is similai to the one when see loud aiiteini ns lie used m 
the netwoil Tlu BC plnsc Ins to be sent sepeiitely m c uli see loi Flu situ if ion is much 
bettei m the case of one TMT m the netwoik and numbci ol liiMls associated to it The 

system was optimised for conect functioning in oveiload conditions and on ail erioneous 
channel Theoretical analysis done on the piobabihty of Piclct Enoi Rate (PER) on in 
enoncous clnimtl showed tint the PLR is high foi the l’DUs on tin foiwuclmg hop 1 his 
is due to then dependance on the PDUs on the conventioinl 1ml The PER will incicisc 
with eveiy additional hop 

Not wutlisl mdnig the icsults the concept piomises mobility suppoitmg ulvmtxges like 
size and weight of teimmals is also the implementation within the spccificitioiis The lesults 
can be optimised b} piopei oigamsational contiol in the nctwoil 

8 2 Outlook 

The complete IiIPERLAN/2 simul itoi with all the entities of Ph}sical layei and the DLC 
layer (RCP EC and MAC) is in the process of mtegeiation The fust model will be ready 
by end of 1st quaitei of 2000 The foiwaxdei developed in this thesis is to be integrated 
in this fust model Though deatiled simulations have been done foi the fust hop the 
2nd hop has to be fuithei investigated The concept at piescnt is dependant upon the 

lcsouices gi mlecl loi foiwuding by the AP This c ui eithei be mule aide pendent of this 
consU uni oi i bettei scheduling scheme based on QoS The lilesl specifications highlight 
a piocedme to lcservo a fixed icsouice giant foi a MT foi coni muons fiames Tins cm be 
utilised to optimise the lesource granting foi the foiwaidei Some idditional RLC suppoit 

has to be build into the foiwaidei Tins includes assoention md disissoci aliou piocesscs, 
uioni ten mg of link c ipibihly huulovci between Ivvo IMls oi switching ovei to a elm c t 
commumc itiou with the AP Connection admission contiol can m ike the system to function 



smoothly m cnerloul conditions It Ins to be investigated Mint li ippens if a RMT moves 

into the unptiblc commumc ltion 1 mgc of the AP The RMT will it cent two BC pluses 
m such a situation It ( m be negotiated by coordination m turn The clmactenstic oE the 

IIIPLRLAN/2 system to woil on only one liequciicy m i i uho cell it my given time mil 
the central contiol by the AP ruled out the possibility, to develop foi warder based on the 
other two concepts mentioned in the conclusion Thus time b ise d toiwaiclei wis the onl\ 
option avail ible at this initial stages of development of HIPERLAN/2 Othei options bise el 
on a combmition of fieepicncy mil time and also the space domain can be lool ed into it 
the later stages 



Appendix A 

Traffic Flow m HIPERLAN/2 
Simulator 


An oxenll pictiue of the. IIIPERLAN/2 Sunulitoi Ins be on pi (suited in tins appendix 
Figure A shows the simuhtoi stiuctuie of the forw udei (FMT) at the block level Two 
dibtmet paths pert lining to the flow of tiafhc m the uplink and the downlink aie shown In 
the downlink plnse the FMT physical layei pieks up the clita uid loiwaids it to the MAG 
liyu Disdm t ion lx h\( ( n d it i nu ml lot (In 1M1 mil d it i hi hinging to ollu i M Is is 
done m the MAC lpu It ilso icccpts dvti foi putunmg to (Ik RMls issouated to it 
Aftei accepting the dit x (wo piths aie followed depending upon tin destination Dxtialls 
meant for own lnghei 1 xjeis aie sent to the L 1101 Contiol uid cl it i that has to be fotwauled 
to the RMTs is sent to the Foiwaidei where it is stored tempo: inly in queues This stoied 
diti is loiw licit cl to the RMls duinig the appiopnxte time m tin MAC Sub Fiamc (SF) 
Snmlu path is followed b> the up lmk tiaffic 

The funetion of the Scheduler is to manage xesomces and constiuct the SF It eviluites 
the Resouict Request (RR) fiom the RMTs adds own RR to it mcl sends this combined 
RR to the AP 
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Figme A 1 Tiaffic flow in HIPERLAN/2 Simulator 
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